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questions that have short, closed answers, as well as open response questions. 
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Fortunately, we’ve included loads of questions in 
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you the best possible preparation for the exams. : 
In the exam practice questions, we've marked 


these questions with an asterisk (*). 


¢ Your answer is clear and has a logical structure. 


At least 30% of the total marks for GCSE Physics Look out for these worked examples in this book 


will come from questions that test your maths skills. — they show you maths skills you'll need in the exam. 
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and there's a whole section on 
Practical Skills on pages 180-184. 


Working Scientifically is all about how science is applied in the outside world by real scientists. 
Working Scientifically is 


For example, you might be asked about ways that scientists communicate an idea to get covered on pages 1-16 
ges 1-16, 


their point across without being biased, or about the limitations of a scientific theory. 


You need to think about the situation that you’ve been given and use all your scientific savvy to answer the question. 
Always read the question and any data you've been given really carefully before you start writing your answer, 
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Working Scientifically 1 


The Scientific Method 


This section isn’t about how to ‘do’ science — but it does show you the way most scientists work. 


1) Scientists try to explain things. They start by 


observing something they don’t understand. About 100 years ago, 


2) They then come up with a hypothesis — a possible scientists hypothesised that 
explanation for what they've observed. atoms looked like this. 


3) The next step is to test whether the hypothesis might be’right 
or not. This involves making a prediction based on the hypothesis 
and testing it by gathering evidence (i.e. data) from investigations. 
If evidence from experiments backs up a prediction, ~ 
you're a step closer to figuring out if the hypothesis is true. 


2) Peer-review is where other scientists check results and scientific 
explanations to make sure they’re ‘scientific’ (e.g. that experiments 
have been done in a sensible way) before they’re published. 


It helps to detect false claims, but it doesn’t mean that findings After more evidence 
are correct — just that they’re not wrong in any obvious way. was gathered, 
3) Once other scientists have found out about a hypothesis, scientists changed | 
they'll start basing their own predictions on it and carry their hypothesis to this. | 


out their own experiments. They'll also try to reproduce 
the original experiments to check the results — and if all 


the experiments in the world back up the hypothesis, then 
scientists start to think the hypothesis is true. 


4) However, if a scientist does an experiment that doesn’t fit with the 
hypothesis (and other scientists can reproduce the results) then the 
hypothesis may need to be modified or scrapped altogether. 


Same ras os 


1) Accepted hypotheses are often referred to as theories. 


Our currently accepted theories are the ones that Now we think it’s 
have survived this ‘trial by evidence’ — they’ve been more like this. 


tested many times over the years and survived. 


2) However, theories never become totally indisputable fact. 
If new evidence comes along that can’t be explained using 
the existing theory, then the hypothesising and testing is 


likely to start all over again. 


Scientific models are constantly being refined... 
The scientific method has been developed over time. Aristotle (a Greek philosopher) was the 


first person to realise that theories need to be based on observations. Muslim scholars then 
introduced the ideas of creating a hypothesis, testing it, and repeating work to check results. 
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Models and Communication 


Once scientists have made a new discovery, they don’t just keep it to themselves. Oh no. Time to learn 
about how scientific discoveries are communicated, and the models that are used to represent theories. 


i Scientists test models 


1) A representational model is a simplified description or picture of 
what's going on in real life. Like all models, it can be used to explain 


observations and make predictions. E.g. the Bohr model of an atom is 
a simplified way of showing the arrangement of electrons in an atom 
(see Ba, It can be reg to onan electron excitations in atoms. 


by carrying out 

| experiments to check 
that the predictions 

} made by the model 

happen as expected. 


2) Computational models use computers to make simulations of complex 
real-life processes, such as climate change. They’re used when there are 
a lot of different variables (factors that change) to consider, and because 
He can Mec change! their Ir design | n to me into account new data v data. | 


Serres 


Sa aS 


3) All models have limitations on what they can explain or predict. 
E.g. the Big Bang model (a model used to describe the beginning of the Universe) 
can be used to explain why everything in the Universe is moving away from us. 
One of its limitations is that it doesn’t explain the moments before the Big Bang. 


Some scientific discoveries show that people should change their habits, or they might provide ideas that 
could be developed into new technology. So scientists need to tell the world about their discoveries. 


Radioactive materials are used widely in medicine for imaging and treatment (see p.83). 
Information about these materials needs to be communicated to doctors so they can make 
use of them, and to patients, so they can make informed decisions about their treatment. 


1) Scientific discoveries that are reported in the media (e.g. newspapers or television) aren’t peer-reviewed. 


2) This means that, even though news stories are often based on data that has been peer-reviewed, the data 
might be presented in a way that is over-simplified or inaccurate, making it open to misinterpretation. 


3) People who want to make a point can sometimes present data in a biased way (sometimes without 
knowing they're doing it). For example, a scientist might overemphasise a relationship in the data, or a 
newspaper article might describe details of data supporting an idea without giving any evidence against it. 


Companies can present biased data to help sell products... 
Sometimes a company may only want you to see half of the story so they present the data in a 
biased way. For example, a pharmaceutical company may want to encourage you to buy their 
drugs by telling you about all the positives, but not report the results of any unfavourable studies. 
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Issues Created by Science 


Science has helped us make progress in loads of areas, from advances in medicine to space travel. 
But science still has its issues. And it bout to find out. 


4 


Scientific knowledge is increased by doing experiments. And this knowledge leads to scientific 
developments, e.g. new technologies or new advice. These developments can create issues though. 


For example: 


Economic issues: Society can’t always afford to do things scientists recommend 


(e.g. investing in alternative energy sources) without cutting back elsewhere. 


Social issues: Decisions based on scientific evidence affect people — e.g. should fossil 
fuels be taxed more highly? Would the effect on people’s lifestyles be acceptable? 


Personal issues: Some decisions will affect individuals. For example, someone might 
support alternative energy, but object if a wind farm was built next to their house. 


Environmental issues: Human activity often affects the natural environment. For example, 
building a dam to produce electricity will change the local habitat so some species might be 
displaced. But it will also reduce our need for fossil fuels, so will help to reduce climate change. 


1) We don’t understand everything. We're always finding out more, but we'll never know all the answers. 
2) In order to answer scientific questions, scientists need data to provide evidence for their hypotheses. 


3) Some questions can’t be answered yet because the data can’t currently 
be collected, or because there’s not enough data to support a theory. 


4) Eventually, as we get more evidence, we’ll answer some of the questions that currently can’t be 
answered, e.g. what the impact of global warming on sea levels will be. But there will always be 


There are often issues with new scientific developments... 


The trouble is, there’s often no clear right answer where these issues are concerned. Different 
people have different views, depending on their priorities. These issues are full of grey areas. 
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Scientific discoveries are often great, but they can prove risky. With dangers all around, you’ve got to be 
aware of hazards — this includes how likely they are to cause harm and how serious the effects may be. 


1) A hazard is something that could potentially cause harm. | 
2) All hazards have a risk attached to them — this is the chance that the hazard will cause harm. | 


3) The risks of some things seem pretty obvious, or we’ve known about 
them for a while, like the risk of causing acid rain by polluting the 
atmosphere, or of having a car accident when you're travelling in a car. 


RS YS RT ES RE UTE 


4) New technology arising from scientific advances can bring new risks, 
e.g. scientists are unsure whether nanoparticles that are being used in cosmetics 
and suncream might be harming the cells in our bodies. These risks need to be 
considered alongside the benefits of the technology, e.g. improved sun protection. 


5) You can estimate the size of a risk based on how many times something 
happens in a big sample (e.g. 100000 people) over a given period (e.g. a year). 
For example, you could assess the risk of a driver crashing by recording how 

many people in a group of 100000 drivers crashed their cars over a year. 


6) To make decisions about activities that involve a risk, we need to take into account 
the chance of the hazard causing harm, and how serious the consequences 
would be if it did. If an activity involves a risk that’s very likely to cause harm, 
with serious consequences if it does, that activity is considered high risk. 


1) Notall risks have the same consequences, e.g. if you chop veg with a sharp knife you risk cutting your 
finger, but if you go scuba-diving you risk death. You’re much more likely to cut your finger during 
half an hour of chopping than to die during half an hour of scuba-diving. But most people are happier 
to accept a higher probability of an accident if the consequences are short-lived and fairly minor. 


2) People tend to be more willing to accept a risk if they choose to do something (e.g. go scuba diving), 
compared to having the risk imposed on them (e.g. having a nuclear power station built next door). 


3) People’s perception of risk (how risky they think something is) isn’t always accurate. They tend 
to view familiar activities as low-risk and unfamiliar activities as high-risk — even if that’s not the 
case. For example, cycling on roads is often high-risk, but many people are happy to do it because 
it’s a familiar activity. Air travel is actually pretty safe, but a lot of people perceive it as high-risk. 


4) People may underestimate the risk of things with long-term or invisible effects, e.g. using tanning beds. 


The pros and cons of new technology must be weighed up... 


iy) The world’s a dangerous place and it’s impossible to rule out the chance of an accident altogether. 
But if you can recognise hazards and take steps to reduce the risks, you're more likely to stay safe. 
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Designing Investigations 


Dig out your lab coat and dust off your badly-scratched safety goggles... it’s investigation time. 


1) 


6) 


Scientists observe things and come up with hypotheses to test them (see p.1). 
You need to be able to do the same. For example: 


Observation: People with big feet have spots. Hypothesis: Having big feet causes spots. 


To determine whether or not a hypothesis is right, you need to do an 
investigation to gather evidence. To do this, you need to use your hypothesis 
to make a prediction — something you think will happen that you can test. 
E.g. people who have bigger feet will have more spots. 


Investigations 
include experiments 
and studies. 


Investigations are used to see if there are patterns or relationships 
between two variables, e.g. to see if there’s a pattern or relationship 
between the variables ‘number of spots’ and ‘size of feet’. 


Repeatable means that if the same person does an experiment again 
using the same methods and equipment, they’II get similar results. 


Reproducible means that if someone else does the experiment, or a different 
method or piece of equipment is used, the results will still be similar. 


If data is repeatable and reproducible, it’s reliable and 
scientists are more likely to have confidence in it. 


Valid results are both repeatable and reproducible AND they answer the original question. 
They come from experiments that were designed to be a FAIR TEST... 


In a lab experiment you usually change one variable and measure how it affects another variable. 


To make it a fair test, everything else that could affect the results should stay the same 
— otherwise you can’t tell if the thing you’re changing is causing the results or not. 


The variable you CHANGE is called the INDEPENDENT variable. 
The variable you MEASURE when you change the independent variable is the DEPENDENT variable. 
The variables that you KEEP THE SAME are called CONTROL variables. 


Because you can’t always control all the variables, you often need to use a control experiment. This is 
an experiment that’s kept under the same conditions as the rest of the investigation, but doesn’t have 
anything done to it. This is so that you can see what happens when you don’t change anything at all. 
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Designing Investigations 


1) Data based on small samples isn’t as good as data based on large samples. 
A sample should represent the whole population (i.e. it should share as many 
of the characteristics in the population as possible) — a small sample can’t do 
that as well. It’s also harder to eet anomalies if eel sample size is too small. 
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2) The bigger the sample size the better, but scientists have to be realistic when choosing how big. For 
example, if you were studying the effects of living near a nuclear power plant, it’d be great to study 
everyone who lived near a nuclear power plant (a huge sample), but it’d take ages and cost a bomb. 
It’s more Je teTe to Se a a thousand people, with a range of ages and races and across both genders. 


Se a cee RE SR RR TS 


1) The measuring equipment you use has to be sensitive enough to measure the changes you’re looking for. 
For example, if you need to measure changes of 1 cm? you need to use a measuring cylinder 
that can measure in 1 cm? steps — it'd be no good trying with one that only measures 10 cm’ steps. 


2) The smallest change a measuring instrument can detect is called its resolution. E.g. some mass balances 
have a resolution of 1 g, some have a resolution of 0.1 g, and some are even more sensitive. 


3) Also, equipment needs to be calibrated by measuring a known value. If there’s a 
difference between the measured and known value, you can use this to adjust 
your measurements to compensate for the inaccuracy of the equipment. 


1) To check repeatability you need to repeat the readings and check that the results are similar. 
You need to repeat each reading at least three times. 


2) To make sure your results are reproducible you can cross check them by taking 
a second set of readings with another instrument (or a different observer). 


3) Your data also needs to be accurate. Really 
accurate results are those that are really close to the 
true answer. The accuracy of your results usually 
depends on your method — you need to make 
sure you're measuring the right thing and that you 
don’t miss anything that should be included in the 
measurements. E.g. estimating the volume of an 
irregularly shaped solid by measuring the sides 
isn’t very accurate because this will not take into 
account any gaps in the object. It’s more accurate to 
measure the volume using a eureka can (see p.181). 


4) Your data also needs to be precise. Precise results are Data set 1 is more precise 
ones where the data is all really close to the mean FZ _ than data set 2. 
ee 


(average) of your repeated results (i.e. not spread out). 
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The results of your experiment will always vary a bit because of random errors — 
unpredictable differences caused by things like human errors in measuring. 

The errors when you make a reading from a ruler are random. You have to estimate 
or round the distance when it’s between two marks — so sometimes your figure 
will be a bit above the real one, and sometimes it will be a bit below. 


You can reduce the effect of random errors by taking repeat readings 
and finding the mean. This will make your results more precise. 


If there's no systematic 
error, then doing repeats 


and calculating a mean 


If a measurement is wrong by the same amount every time, it’s called 

a systematic error. For example, if you measured from the very 

end of your ruler instead of from the 0 cm mark every time, all your 
measurements would be a bit small. Repeating the experiment in the 
exact same way and calculating a mean won't correct a systematic error. 


could make your results 


more accurate. 


Just to make things more complicated, if a systematic error is caused by using equipment that 
isn’t zeroed properly, it’s called a zero error. For example, if a mass balance always reads 
1 gram before you put anything on it, all your measurements will be 1 gram too heavy. 


You can compensate for some systematic errors if you know about them, e.g. if a mass balance 
always reads 1 gram before you put anything on it, you can subtract 1 gram from all your results. 


Sometimes you get a result that doesn’t fit in with the rest at all. This is called an anomalous result. 
You should investigate it and try to work out what happened. If you can work out what happened 
(e.g. you measured something wrong) you can ignore it when processing your results. 


You can find out 
about potential 
hazards by looking 
in textbooks, doing 
some internet 


Lasers, e.g. if a laser is directed into the eye, this can cause blindness. 


e Gamma radiation, e.g. gamma-emitting radioactive sources can cause cancer. 
e Fire, e.g. an unattended Bunsen burner is a fire hazard. 
Electricity, e.g. faulty electrical equipment could give you a shock. 


research, or asking 
; f SPs ; ; your teacher. 
Part of planning an investigation is making sure that it’s safe. 

You should always make sure that you identify all the hazards that you might encounter. Then you 
should think of ways of reducing the risks from the hazards you've identified. For example: 


If you’re working with springs, always wear safety goggles. 
This will reduce the risk of the spring hitting your eye if the spring snaps. 


e If you’re using a Bunsen burner, stand it on a heat proof mat to-reduce the risk of starting a fire. 


Designing an investigation is an involved process... 


Collecting data is what investigations are all about. Designing a good investigation is really 
important to make sure that any data collected is accurate, precise, repeatable and reproducible. 
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Processing Data 


Processing your data means doing some calculations with it to make it more useful. 


1) Tables are really useful for organising data. 


2) When you draw a table use a ruler and make sure each column has a heading (including the units). 


1) When you've done repeats of an experiment you should always calculate the mean (average). 
To do this add together all the data values and divide by the total number of values in the sample. 


2) You can also find the mode of your results — this is 
the value that occurs the most in your set of results. Ignore anomalous results 
when calculating the mean, 
mode and median. 


3) The median can be found by writing your results in 
numerical order — the median is the middle number. 


PEXAMNPLE:) The results of an experiment show the extension of 


two springs when a force is applied to both of them. 
Calculate the mean, mode and median of the extension for both springs. 


ee sea pinata Bb 

igs 2e Dee a) 
+5=24 

(114+14+20+15 + 20) 
+5=16 


The first significant figure of a number is the first Seek that’s not zero. The second and third significant 
figures come straight after (even if they’re zeros). You should be aware of significant figures in calculations. 


1) In any calculation where you need to round, you should round the 
answer to the lowest number of significant figures (s.f.) given. 
2) Remember to write down how many significant figures you’ve rounded to after your answer. 


3) If your calculation has multiple steps, only round the final answer, or it won’t be as accurate. 
PEXAANPLE: | The mass of a solid is 0.24 g and its volume is 0.715 cm’. 
Calculate the density of the solid. 
Density = 0.24 g + 0.715 cm? = 0.33566... = 0.34 g/cm? (2 sf.) 


2 Si Bh Gay Final answer should be rounded to 2 sf. 


ae hh ee fer en eh en ee ere ren pee 


Don’t forget your calculator... 


In the exam you could be given some data and be expected to process it in some way. Make sure 
you keep an eye on significant figures in your answers and always write down your working. 
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Presenting Data 


Once you've processed your data, e.g. by calculating the mean, you can present your results in a nice chart 


or graph. This will help you to spot any patterns in your data. 


1) If the independent variable is categoric (comes in distinct categories, 
e.g. solid, liquid, gas) you should use a bar chart to display the data. 


You also use them if the independent variable is discrete (the data can be counted in chunks, where 


there’s no in-between value, e.g. number of protons is discrete because you can’t have half a proton). 


3) There are some golden rules you need to follow for drawing bar charts: 


i) Ice Cream Sales in Northville and Southtown Pog If you've got 
The scale needs = more than one 
ey) = = ; i 
to be linear 3 a Northville | set of data 
(there should be = a ; Southtown include a key. : 
an equal value = 3 a “oe aging eam 
for each division). as: zi 
co) 5 
£ 1 oe Draw tt nice and big 
3 0 ae (covering at least half 


Mint Strawberry 
Ice cream flavour 


Remember to 
include the units. 


\ Chocolae 


Label both axes. 


1) If both variables are continuous (numerical data that can have 
any value within a range, e.g. length, volume, temperature) 
you should use a graph to display the data. 


2) Here are the rules for plotting points on a graph: 


Use the biggest data values 


Broccoli 


| 
of the graph paper). 


Leave a gap between 
different categories. 


To plot points, 


use a sharp 
pencil and make 


neat little crosses nice clear smudged 


sssses sauuns 


you've got to draw a sensible 
scale on your axes. Here, the 
longest distance is 8.8 m, so 


Against Time | 


Gray h to > Show Distance: ae a 


mark unclear marks 


(don't do blobs). 


it makes sense to label the £ Hate Ho 
y-axis up to 10 m 3) | ~« HEnuunitiniiit nirenccedita a i 
ae a e Ba iets Meet youre asked to draw a |ine 
£ onan sesrsetiae (or curve) of best fit, draw a line 
— 5 sam 
Q pay - through or as near to as many 


The dependent variable 


goes on the y-axis 
(the vertical one). 


The independent variable goes on 
the x-axis (the horizontal one). 


Remember to include the 


we inet 
jane EER 
Vat tr i 
a im mI iy 
Ht t EE as 
{ fj 


points as possible, ignoring any 
anomalous results. 
Don't join the crosses up. 


Draw it nice and big 


(covering at least half 


units. of the graph paper). 
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More on Graphs 


Graphs aren’t just fun to plot, they’re also really useful for showing trends in your data. 


1) The gradient (slope) of a graph tells you how quickly the dependent variable changes if you change the 
independent variable. 


You can use this method to 
calculate other rates from a graph 
chante aay So long as you always make x nae 


change in y 


gradient = 


This graph shows the distance travelled by a vehicle against time. The graph is linear (it’s a straight ) 
line graph), so you can simply calculate the gradient of the line to find out the speed of the vehicle. 


1) To calculate the gradient, pick two points on the line 
that are easy to read and a good distance apart. 


2) Draw a line down from one of the points and 
a line across from the other to make a triangle. 
The line drawn down the side of the triangle is the 
change in y and the line across the bottom is the change in x. 


Distance (m) 


Change in y = 6.8-2.0=4.8m Change inx =5.2—-1.6 =3.65 


The units of the gradient are 
Se (units of y)/(units of x). 


Ba GS AN CR SS = Rr ET EIS 


Time (s) 


| 
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2) To find the gradient of a curve at a certain point, draw a 
tangent to the curve at that point. This is a straight line that 


touches the curve at that point, but doesn’t cross it. Then just 
find the gradient of the tangent in the same way as above. 


curve 


tangent 


3) The intercept of a graph is where the line of best fit crosses one 
of the axes. The x-intercept is where the line of best fit crosses 
the x-axis and the y-intercept is where it crosses the y-axis. 


point 


1) You can get three types of correlation (relationship) between variables: 


POSITIVE correlation: INVERSE (negative) correlation: NO correlation: 
as one variable increases as one variable increases the no relationship between 
the other increases. other decreases. the two variables. 


2) Just because there’s correlation, it doesn’t mean the change in one variable is causing 
the change in the other — there might be other factors involved (see page 14). 
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Graphs and maths skills are all very well, but the numbers don’t mean much if you don’t get the units right. 


*' Py 4 


i ~ Quantity | S.I. Base Unit 


ee 


1) It wouldn’t be all that useful if | defined volume 
in terms of bath tubs, you defined it in terms of 
egg-cups and my pal Fred defined it in terms of 
balloons — we’d never be able to compare our data. 


kilogram, kg 


/ 
second, s 
kelvin, K 


2) To stop this happening, scientists have come up 
with a set of standard units, called S.I. units, 
that all scientists use to measure their data. 
Here are some S.I. units you'll see in physics: 


time 


1) Formulas and equations show relationships between.variables. 


oe eer 


SESE SET ES DE A AI PE AI OTE RAT EPS EOE ES I SORE 


2) To rearrange an equation, make sure that whatever you do 
to one side of the equation you also do to the other side. 


COPE EEE BOP AE IEEE EE ERT ONE 


~ For example, you can find the : 
speed of a wave using the equation: => wave speed = frequency x wavelength 


i You can rearrange this equation aeees 


_ to find the frequency by dividing = 
~ each side by wavelength to give: ——=> frequency = wave speed + wavelength 


: ; i 
3) To use a formula, you need to know the values of all but one of the variables. Substitute the 
values you do know into the formula, and do the calculation to work out the final variable. 


SERRA REPT 


4) Always make sure the values you put into an equation or formula have the right units. 
For example, you might have done an experiment to find the speed of a trolley. The distance the 
trolley travels will probably have been measured in cm, but the equation to find speed uses distance 
inm. So you’ll have to convert your distance from cm to m before you put it into the equation. 


5) To make sure your units are correct, it can help to write 
down the units on each line of your calculation. 


S.I. units help scientists to compare data... 


You can only really compare things if they’re in the same units. For example, if you measured the 
speed of one car in m/s, and one in km/h, it would be hard to know which car was going faster. 
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Converting Units 


You can convert units using scaling prefixes. This can save you from having to write a lot of 0's... 


Quantities come in a huge range of sizes. For example, the volume of a swimming pool 
might be around 2 000 000 000 cm’, while the volume of a cup is around 250 cm’. 


2) To make the size of numbers more manageable, larger or smaller units are used. 
These are the S.|. base units (e.g. metres) with a prefix in front: 


7 1 000 000 
12 9 


3) These prefixes tell you how much bigger or smaller a unit is 
than the base unit. So one kilometre is one thousand metres. 


4) To swap from one unit to another, all you need to know is what as conversion factor is the 
number you have to divide or multiply by to get from the original number of times the smaller unit 
unit to the new unit — this is called the conversion factor. goes into the larger unit. 


¢ To go from a bigger unit (like m) to a smaller unit (like cm), you multiply by the conversion factor. 
divide b 


e To go from a smaller unit (like g) to a bigger unit (like kg), you 


=O Se Se 


y the conversion factor. 


5) Here are some conversions that'll be useful for GCSE physics: 


Energy can have units Mass can have units 
of J and KJ. 


Volume can have units Density can have units 
of m? and cm. of kg/m? and g/cm’. Watch out for conversions 


involving density — you 


x 1000 000 me fen Pie when going 
rom kg/m? to g/cm} 
m3 cm? pea, g g/cm?, 
11000 000 kg/m S__ s/en not multiply 


x 1000 


eS) To convert from bigger units to smaller units... 


..multiply by the conversion factor. And to convert from smaller units to bigger units, divide by 
— 4 the conversion factor. Don’t go getting this rule muddled up and the wrong way round... 
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Drawing Conclusions 


Once you’ve designed your experiment, carried it out, processed and presented your data, it’s finally time 
to sit down and work out exactly what your data tells you. Time for some fun with conclusions... 


1) Drawing conclusions might seem pretty straightforward — you just look at your data and 
say what pattern or relationship you see between the dependent and independent variables. 


The table on Current (A) Potential difference CONCLUSION: 
the right shows 


A higher current 


difference across a , ; 
gives a higher 


light bulb for three aie 
Petereht Currents potential difference 
aoa across the bulb. © 


through the bulb: 


2) But you’ve got to be really careful that your conclusion 
matches the data you’ve got and doesn’t go any further. 


You can’t conclude that the potential difference across 


any circuit component will be higher for a larger 
current — the results might be completely different. 


3) You also need to be able to use your results to justify your conclusion 
(i.e. back up your conclusion with some specific data). 


The potential difference across the bulb was 9 V higher - 
with a current of 12 A compared to a current of 6 A. — 


4) When writing a conclusion you need to refer back to the original 
hypothesis and say whether the data supports it or not: 


You should be able to justify your conclusion with your data... 


You should always be able to explain how your data supports your conclusion. It’s easy to go too 
far with conclusions and start making bold claims that your data simply can’t back up. When you're 
drawing conclusions, it’s also important that you refer back to your initial hypothesis, the one you 
made right back at the start of the investigation, to see whether your data supports it or not. 
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Correlation and Cause 


Don’t get carried away when you’re drawing conclusions — correlation doesn’t always mean cause. 
There could be a few reasons why two variables appear to be linked, as you’re about to find out. 


If two things are correlated (i.e. there’s a relationship between them) it doesn’t 
necessarily mean a change in one variable is causing the change in the other — 
this is REALLY IMPORTANT — DON’T FORGET IT. 


1) CHANCE: It might seem strange, but two things 
can show a correlation purely due to chance. 


For example, one study might find a correlation between 
people’s hair colour and how good they are at frisbee. 
But other scientists don’t get a correlation when they 
investigate it — the results of the first study are just a 


fluke. 


2) LINKED BY A 3RD VARIABLE: A lot of the time it may look 
as if a change in one variable is causing a change in the 
other, but it isn’t — a third variable links the two things. 


For example, there’s a correlation between water temperature 
and shark attacks. This isn’t because warmer water makes sharks 


crazy. Instead, they’re linked by a third variable — the number 
of people swimming (more people swim when the water’s hotter, 
and with more people in the water you get more shark attacks). 


3) CAUSE: Sometimes a change in one variable does cause a change in the 
other. You can only conclude that a correlation is due to cause when you’ve 
controlled all the variables that could, just could, be affecting the result. 


Two variables could appear to be linked by chance... 


Correlation doesn’t necessarily mean cause — two variables might appear to be linked but it 
could just be down to chance, or they could be linked by a third variable. When you draw 
conclusions, make sure you're not jumping to conclusions about cause, and check that you 
properly consider all the reasons why two variables might appear to be linked. 
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Uncertainty 


Uncertainty is how sure you can really be about your data. There’s a little bit of maths to do, and also a 


formula to learn. But don’t worry too much — it’s no more than a simple bit of subtraction and division. 


1) When you repeat a measurement, you often get a slightly different figure each time 
you do it due to random error. This means that each result has some uncertainty to it. 


2) The measurements you make will also have some uncertainty in them due to 
limits in the resolution of the equipment you use (see page 6). 


3) This all means that the mean of a set of results will also have some uncertainty 
to it. You can calculate the uncertainty of a mean result using the equation: 


range The range is the largest value 


minus the smallest value. 


uncertainty = 


ELE TRENT OS OIL IED: 


4) The larger the range, the less precise your results are and the more uncertainty 
there will be in your results. Uncertainties are shown using the ‘+’ symbol. 


P EXAANPLE: | The table below shows the results of an experiment to determine 


the speed of the trolley as it moves along a horizontal surface. 
Calculate the uncertainty of the mean. 


1) First work out the range: 
Range = 2.01 — 1.98 = 0.030 m/s 


2) Then find the mean: 
Mean = (2.01 + 1.98 + 2.00 + 2.01) + 4 
= 8.00 +4=2.00 
3) Use the range to find the uncertainty: 
Uncertainty = range + 2 = 0.030 + 2 = 0.015 m/s 


So the uncertainty of the mean = 2.00 + 0.015 m/s 


ES 


ona - can RRR ~ a 
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5) Measuring a greater amount of something helps to reduce uncertainty. 
For example, in an experiment investigating speed, measuring the distance travelled over 


a longer period compared to a shorter period will reduce the uncertainty in your results. 


* 


fe \he smaller the uncertainty, the more precise your results... 
Remember that equation for uncertainty. You never know when you might need it — you could 


we be expected to use it in the exams. You need to make sure all the data is in the same units though. 
For example, if you had some measurements in metres, and some in centimetres, you'd need to 
convert them all into either metres or centimetres before you set about calculating uncertainty. 
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Evaluations 


Hurrah! The end of another investigation. Well, now you have to work out all the things you did wrong. 
That’s what evaluations are all about I’m afraid. Best get cracking with this page... 


An evaluation is a critical analysis of the whole investigation. 


1) You should comment on the method — was it valid? 
Did you control all the other variables to make it a fair test? 


2) Comment on the quality of the results — was there enough evidence to reach a 


valid conclusion? Were the results repeatable, reproducible, accurate and precise? 


3) Were there any anomalous results? If there were none then say so. 
If there were any, try to explain them — were they caused by errors in measurement? 
Were there any other variables that could have affected the results? 
You should comment on the level of uncertainty in your results too. 


4) All this analysis will allow you to say how confident you are that your conclusion is right. 


5) Then you can suggest any changes to the method that would improve the quality of the results, 
so that you could have more confidence in your conclusion. For example, you might suggest 
changing the way you controlled a variable, or increasing the number of measurements you took. 
Taking more measurements at narrower intervals could give you a more accurate result. 

For example: 


Springs have a limit of proportionality (a maximum force before force and extension 
are no longer proportional). Say you use several identical springs to do an experiment 
to find the limit of proportionality of the springs. If you apply forces of 1 N, 2 N, 3 N, 
4 N and 5 N, and from the results see that it is somewhere between 4 N and 5 N, you 
could repeat the experiment with one of the other springs, taking more measurements 
between 4 N and 5 N to get a more accurate value for the limit of proportionality. 


6) You could also make more predictions based When suggestin 
on your conclusion, then further experiments 
could be carried out to test them. 


Investigation, alwa 9 'Mprovements to the 
you think this 


you 
would make pee Say why 


ults better 


Always look for ways to improve your investigations... 


So there you have it — Working Scientifically. Make sure you know this stuff like the back of your hand. 
It’s not just in the lab, when you're carrying out your groundbreaking investigations, that you'll need to 
know how to work scientifically. You can be asked about it in the exams as well. So swot up... 


Working Scientifically 


Topic 1 — Energy 17 


Energy Stores 


When energy is transferred to an object, the energy . 
is stored in one of the object’s energy stores. ou may also see thermal 


energy stores called internal 


energy stores, 


The energy stores you need to know are: 


1) Thermal energy stores. 5) Chemical energy stores. 
2) Kinetic energy stores. 6) Magnetic energy stores. | 
——————— 
. . . . f 
3) Gravitational potential energy stores. 7) Electrostatic energy stores. | 
4) Elastic potential energy stores. 8) Nuclear energy stores. 
pe 
Energy is transferred mechanically (by a force doing work), There's more on doing work on 
electrically (work done by a moving charges), by heating (see below) the next page. 


or by radiation (e.g. light, p.136, or sound, p.152). 


1) A system is just a fancy word for a single object (e.g. the air in a piston) 
or a group of objects (e.g. two colliding vehicles) that you’re interested in. 


2) When a system changes, energy is transferred. It can be transferred into or away from 
the system, between different objects in the system or between different types of energy 
stores (e.g. from the kinetic energy store of an object to its thermal energy store). 


3) Closed systems are systems where neither matter nor energy can enter or leave. 
The net change in the total energy of a closed system is always zero. 


1) Take the example of boiling water in a kettle — you can think of 
the water as the system. Energy is transferred to the water (from 
the kettle’s heating element) by heating, into the water’s thermal 
energy store (causing the temperature of the water to rise). 


2) You could also think of the kettle’s heating element and the water 
together as a two-object system. Energy is transferred electrically 
to the thermal energy store of the kettle’s heating element, which 
transfers energy by heating to the water's thermal energy store. 


=~ No matter what store it’s in, it’s all energy... 


In the exam, make sure you refer to energy in terms of the store it’s in. For example, if you're 
wa describing energy in a hot object, say it ‘has energy in its thermal energy store’. 
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Work Done 


On the previous page, you saw how energy can be transferred between energy stores by heating. 
Well, that was just the start... This page is all about how energy is transferred when work is done. 


1) Work done is just another way of saying energy transferred — they’re the same thing. 


2) Work can be done when current flows (work is done against resistance in a circuit, see page 41) 
or by a force moving an object (there’s more on this on page 90). 
Here are a few examples: 


an upwards force is 
exerted on the ball 


The initial force exerted by a person to throw a ball <== 
upwards does work. It causes an energy transfer 

from the chemical energy store of the person’s arm 
to the kinetic energy store of the ball and arm. 


=—- The friction between a car’s brakes and its 
wheels does work as the car slows down. 
It causes an energy transfer from the 


wheels’ kinetic energy stores to the 
thermal energy store of the surroundings. 


frictional forces cause 


a transfer of energy 


In a collision between a car and a stationary object, the normal contact force 
between the car and the object does work. It causes energy to be transferred 
from the car’s kinetic energy store to other energy stores, e.g. the elastic 
potential and thermal energy stores of the object and the car body. 
Some energy might also be transferred away by sound waves (see page 152). 


normal contact force 
causes a transfer of 
energy to the car 


SSS fees 


1) When something, e.g. a ball, is dropped from a height, it’s 
accelerated by gravity. The gravitational force does work. ee 
2) As it falls, energy from the object's gravitational potential 
energy (g.p.e) store is transferred to its kinetic energy store. 
3) Fora falling object when there’s no air resistance: 


gravitational 
force 


Energy lost from the g.p.e. store = Energy gained in the kinetic energy store 


4) In real life, air resistance (p.108) acts against all falling objects — it causes some energy to be 
transferred to other energy stores, e.g. the thermal energy stores of the object and surroundings. 


(fa Energy is transferred between the different stores of objects... 


Energy stores pop up everywhere in physics. You need to be able to describe how energy 
we is transferred, and which stores it gets transferred between, for any scenario. So, it’s time to 
make sure you know all the energy stores and transfer methods like the back of your hand. 
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Kinetic and Potential Energy Stores 


Now you've got your head around energy stores, it’s time to see how you can calculate the amount of energy 
in three of the most common ones — kinetic, , giaitational potential and elastic potential energy stores. 


1) Anything that is moving has energy in its kinetic energy store. Energy is transferred to this store 
when an object speeds up and is transferred away from this store when an object slows down. 


2) The energy in the kinetic energy store depends on the object’s mass and speed. 
The greater its mass and the faster it’s going, the more energy there will be in its kinetic energy store. 


3) There’s a slightly tricky formula for it, so you have to concentrate a little bit harder for this one. 


Kinetic energy (J) (Speed)? (m/s)? 


1 
amv? means % x m x y2 


Mass (kg) 


P EXAMPLE: A car of mass 2500 kg is travelling at 20 m/s. 


Calculate the energy in its kinetic energy store. 


E = ’mv’ = % x 2500 x 20? = 500 OOO J 


1) Lifting an object in a ar field (page 88) requires work. This causes a 


transfer of energy to the gravitational potential energy (g.p.e.) store of the raised 
object. The higher the object is lifted, the more energy is transferred to this store. 


2) The amount of energy in a gravitational potential energy store depends on the object’s mass, 
its height and the strength of the gravitational field the object is in. 


3) You can use this equation to find the change in energy in an object's 
gravitational potential energy store for a change in height, h. 


Gravitational potential energy (J) Height (m) 


Mass (kg) Gravitational field strength (N/kg) 


Stretching or Sees an object can transfer energy to its elastic potential energy store. 
So long as the limit of proportionality has not been exceeded (page 94) energy in the 


elastic potential energy store of a stretched spring can be found using: 


Spring constant (N/m) 


Elastic potential energy ()) 
Extension (m) 


Greater height means more energy in gravitational potential stores... 


Wow, that’s a lot of equations on a single page... As with all equations you come across, make sure you 
know what all the variables in them are, as well as what units all the variables in the equations are in. 
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Specific Heat Capacity 


Specific heat capacity is really just a sciencey way of saying how hard it is to heat something up... 


1) More energy needs to be transferred to the thermal energy store 
of some materials to increase their temperature than others. 


2) For example: 


You need 4200 J to warm 1 kg of water by 1 °C, 
but only 139 J to warm 1 kg of mercury by 1 °C. 


3) Materials that need to gain lots of energy in their thermal energy stores to warm up also 
transfer loads of energy when they cool down again. They can ‘store’ a lot of energy. 


4) The measure of how much energy a substance can store is called its specific heat capacity. 


/ is the amount of energy needed 


to raise the temperature of 1_kg of a substance by 1 °C. 


Below is the equation that links energy transferred to specific heat capacity (the A’s just mean “change in”). 
Specific heat capacity (J/kg°C) 


Change in thermal energy (J) 


Temperature change (°C) 


Mass (kg) 


F EXAMPLES) How much energy is needed to heat 2.00 kg of water from 10 °C to 100 °C? 


The specific heat capacity of water is 4200 J/kg°C. 


1) First find the change in 
temperature (A@) in °C. 
2) Now substitute this value, 


along with the values for mass 


Ad = 100 — 10 = 90 °C 


AE = mcAé@ 


and specific heat capacity, = 2.00 x 4200 x 90 
into the formula. = 756 OOO J 


The line through the 
centre of the triangle 
means divide. 


If you're not working out the energy, you'll have to 


rearrange the equation, so a formula triangle will come 
in dead handy. To use them, cover up the thing you 


want to find and write down what's left showing. 
You write the bits of the formula in the triangle like this: 


Some substances can store more energy than others... 


Water is a substance that can store a lot of energy in its thermal stores — it has a high specific heat capacity. 
This is lucky for us as our bodies are mostly water. It'd be unfortunate if we started boiling on a hot day. 


Learn the definition of specific heat capacity and make sure you know how to use the formula involving it. 
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Investigating Specific Heat Capacity 


This fun practical can be used to find out the specific heat capacity of a material. 


1) To investigate a solid material (e.g. copper), 


power supply 


you'll need a block of the material with 
two holes in it (for the heater and thermometer 
to go into, see the image on the right). 


2) Measure the mass of the block, then 
wrap it in an insulating layer (e.g. a 
thick layer of newspaper) to reduce the Y i 
energy transferred from the block to the stopwatch insulation 
surroundings. Insert the thermometer ammeter 
and heater as shown on the right. ar nnn ren 


3) Measure the initial temperature of the block and set the potential difference, V, 
of the power supply to be 10 V. Turn on the power supply and start a stopwatch. 


4) When you turn on the power, the current in the circuit (i.e. the moving charges) does 
work on the heater, transferring energy electrically from the power supply to the heater’s 
thermal energy store. This energy is then transferred to the material’s thermal energy 
store by heating, causing the material’s temperature to increase. 


5) As the block heats up, use the thermometer to measure its temperature e.g. every minute. 
Keep an eye on the ammeter — the current through the circuit, /, shouldn’t change. 


6) When you’ve collected enough readings (10 should do it), turn off the power supply. 


7) Now you have to do some calculations to find the material’s specific heat capacity: 


e Using your measurement of the current and the potential difference of the power supply, you 
can calculate the power supplied to the heater, using P = V/ (p.54). You can use this to calculate 


how much energy, £, has been transferred to the heater at the time of each temperature reading | 
using the formula £ = Pt, where t is the time in seconds since the experiment began. | 


° If you assume all the energy supplied to the heater 
has been transferred to the block, 


you can plot a graph of energy transferred = 

to the thermal energy store of the block against sa 

temperature. It should look something like this: — >>» 5 You may or may not get the 
; , : = curved bit at the beginning = 

e Find the gradient of the straight part of the graph. o don't wérry abeueit 

This is A@ + AF. You know from the equation = : 

on the last page that AF = mcA@. So the specific = . 

heat capacity of the material of the block is: Energy transferred / J 
+ x 


You can also investigate the specific heat capacity of 
liquids ca just place the heater and thermometer in an 
insulated beaker filled with a known mass of the liquid. 


8) You can repeat this experiment with different materials 
to see how their specific heat capacities compare. 


Think about how you could improve your experiments... 
If the hole in your material is bigger than your thermometer, you could put a small amount of 


water in the hole with the thermometer. This helps the thermometer to measure the temperature 
of the block more accurately, as water is a better thermal conductor than air (see page 24). 
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Warm-Up & Exam Questions 


— 


These questions give you chance to use your knowledge about energy transfers and specific heat capacity. 


Me =. & es 9 95 3 
oe = ee 


) Give two methods of energy transfer. 

2) How does the way energy is stored change when someone throws a ball upwards? 
) State the equation that links energy in an object's kinetic energy store with mass and speed. 
) 


Which has more energy in its kinetic energy store: a person walking at 3 miles per hour, 
or a lorry travelling at 60 miles per hour? 


Aono 
ons | 


A motor lifts a load of mass 20 kg. 
The load gains 137.2 J of energy in its gravitational potential energy store. 


State the equation that links gravitational potential energy, mass, gravitational field strength and height. 
Use this equation to calculate the height through which the motor lifts the load. 
Assume the gravitational field strength = 9.8 N/kg 


[4 marks] 

1.2. The motor releases the load and the load falls. 
Ignoring air resistance, describe the changes in the way energy is stored that take place as the load falls. 
[2 marks] 
1.3. Describe how your answer to 1.2 would differ if air resistance was not ignored. 
[1 mark] 


G 
2 36 000 J of energy to be transferred to heat a 0.5 kg concrete block is from 20 °C to 100 °C. 6-7 


2.1 Calculate the specific heat capacity of the concrete block. 
Use the correct equation from the Physics Equation Sheet on the inside back cover. 
[4 marks] 


2.2 Energy is transferred to the thermal energy store of an electric storage heater at night, 
and then transferred away to the thermal energy stores of the surroundings during the day. 
Lead has a specific heat capacity of 126 J/kg°C. 
Using your answer to 2.1, explain why concrete blocks are used in storage heaters rather than lead blocks. 


[2 marks] 
PRACTICAL 


A student transfers energy steadily to a 1.0 kg aluminium block. . 
They produce a graph of the energy supplied against the 
increase in temperature of the block, shown in Figure 1. = 


3.1 Use Figure 1 to find a value for the specific heat capacity 
of aluminium in J/kg°C. Use the correct equation from the 
Physics Equation Sheet on the inside back cover. 


Temperature change in °C 


[4 marks] 
3.2 Would you expect the true value for the specific heat capacity of Energy in kJ 
aluminium to be higher or lower than the value found in this experiment? Explain your answer. 


[3 marks] 
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Conservation of Energy and Power 


Repeat after me: energy is NEVER destroyed. Make sure you learn that fact, it’s really important. 


1) The conservation of energy principle 


is that energy is always conserved: Energy can be transferred usefully, stored or 


dissipated, but can never be created or destroyed. 


2) When energy is transferred between stores, not all of the energy is transferred usefully into the store 
that you want it to go to. Some energy is always dissipated when an energy transfer takes place. 


3) Dissipated energy is sometimes called ‘wasted energy’ because the energy is being stored in 


a way that is not useful (usually energy has been transferred into thermal energy stores). 


_ Amobile phone is a system. When you use the phone, energy is usefully transferred 
from the chemical energy store of the battery in the phone. But some of this 

_ energy is dissipated in this transfer to the thermal energy store of the phone 

~ (you may have noticed your phone feels warm if you’ve been using it for a while). 


4) You also need to be able to describe energy transfers for closed systems: 


A cold spoon is dropped into an insulated flask of hot soup, which is then sealed. You can 
assume that the flask is a perfect thermal insulator so the spoon and the soup form a closed 


system. Energy is transferred from the thermal energy store of the soup to the useless thermal 
energy store of the spoon (causing the soup to cool down slightly). Energy transfers have occurred 
within the system, but no energy has left the system — so the net change in energy is zero. 


Power is the rate of energy transfer, or the rate of doing work. 
Power is measured in watts. One watt = 1 joule of energy transferred per second. 


— 
~— 


2) 
3) You can calculate power using these equations: 
Energy transferred (J) Work done (J) 
Power (W) Power (VV) 
Time (s) Time (s) 


4) A powerful machine is not necessarily one which can exert a strong force (although it usually ends 
up that way). A powerful machine is one which transfers a lot of energy in a short space of time. 


i Take two cars that are identical in every way apart from the power of their engines. Both cars race the 
| same distance along a straight track to a finish line. The car with the more powerful engine will reach 
‘ the finish line faster than the other car (it will transfer the same amount of energy but over less time). 


EXANAPLE: 


It takes 8000 J of work to lift a stunt performer to the top of a building. Motor A can lift the 
stunt performer to the correct height in 50 s. Motor B would take 300 s to lift the performer 
to the same height. Which motor is most powerful? Calculate the power of this motor. 


1) Both motors transfer the same amount of energy, 


: 


but motor A would do it quicker than motor B. So motor A is the most powerful motor. ; 
2) Plug the time taken and work done for motor A P=Wet 
into the equation P = W = t and find the power. = 8000 + 50 = 160 W 
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Conduction 


You're probably familiar with the idea that metals are good thermal conductors but wood isn’t, and so on. 
This page is about how conduction actually happens and about the energy transfers that take place. 


Conduction is the process where vibrating particles 
transfer energy to neighbouring particles. 


1) Energy transferred to an object by heating is transferred to the thermal store of the object. 
This energy is shared across the kinetic energy stores of the particles in the object. 


PE MEE WO Le ES OTE PEACE SEE TIT TIE LES PE REE DEI EI TOE 


oR CD 


2) The particles in the part of the object being heated vibrate more and collide with each other. These 
collisions cause energy to be transferred between particles’ kinetic energy stores. This is conduction. 


3) This process continues throughout the object until the | Particles in liquids and gases are much 
energy is transferred to the other side of the object. more tree to move around, which is why 


It’s then usually transferred to the thermal energy store of they usually transfer energy by convection 
the surroundings (or anything else touching the object). (See the next page) instead of conduction 


AENETENERE CEE IC 


SS FALE OTTO BH 


Energy is also transferred 


by conduction through 
the metal pan handle. 


conduction through the 


pan to the water. 


4) Thermal conductivity is a measure of how quickly energy is transferred through a material in this 
way. Materials with a high thermal conductivity transfer energy between their particles quickly. 


Some substances are better thermal conductors than others... 


Denser materials (see page 64) are usually better conductors than less dense materials. It’s easy to see why 


— particles that are right next to each other will pass energy between their kinetic energy stores far more 
effectively than particles that are far apart. For example, water is a much better thermal conductor than air. 
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Convection 


You'll have heard it said that hot air rises. Well, it does (assuming the air above it is cooler). 


Convection is where energetic particles 
move away from hotter to cooler regions. 


1) Convection can happen in gases and liquids. Energy is transferred by heating 
to the thermal store of the liquid or gas. As with conduction, this energy is 
shared across the kinetic energy stores of the gas or liquid’s particles. | 


2) Unlike in solids, the particles in liquids and gases are able to move. When you heat 
a region of a gas or liquid, the particles move faster and the space between individual 
particles increases. This causes the density (p.64) of the region being heated to decrease. | 


- 3) Because liquids and gases can flow, the warmer and less 
dense region will rise above denser, cooler regions. If there is 


a constant heat source, a convection current can be created. 


1) Heating a room with a radiator relies on creating convection currents in the air of the room. 


2) Energy is transferred from the radiator to the nearby air particles 
by conduction (the air particles collide with the radiator surface). 


3) The air by the radiator becomes warmer and less dense (as the particles move quicker). 


4) This warm air rises and is replaced by cooler air. The cooler air is then heated by the radiator. 


5) At the same time, the previously heated air transfers energy to the surroundings 
(e.g. the walls and contents of the room). It cools, becomes denser and sinks. 


6) This cycle repeats, causing a flow of air to circulate around the room — this is a convection current. 


warm air rises 

cool air sinks —= 

— to replace 
rising air 

air near the radiator : 

gets warmer 


In convection, particles move from hotter regions to cooler regions... 
So in convection, the particles move taking their energy with them. Don’t get this confused with 


conduction though. Conduction is the process where vibrating particles transfer energy to neighbouring 
particles. Have a flick back to the last page if you need to remind yourself about this. 
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Reducing Unwanted Energy Transfers 


There are a few ways you can reduce the amount of energy scampering off to a completely useless store 
— lubrication and thermal insulation are the ones you need to know about. Read on to find out more... 


1) Whenever something moves, there’s usually at least one frictional force | 
acting against it (p.108). This causes some energy in the system to be 
dissipated (p.23), e.g. air resistance can transfer energy from a falling 


object's kinetic energy store to its thermal energy store. 


2) For objects that are being rubbed together, lubricants can 
be used to reduce the friction between the objects’ surfaces 


when they move. Lubricants are usually liquids (like oil), Streamlining reduces air 
so they can flow easily between objects and coat them. resistance too, see page 108. 


The last thing you want when you’ve made your roles nice and toasty is for that energy to 
escape outside. There are a few things you can do to prevent energy losses through heating: 


e Have thick walls that are made from a material with a low thermal conductivity. 
The thicker the walls and the lower their thermal conductivity, the slower 
the rate of energy transfer will be (so the building will cool more slowly). 


e Use thermal insulation. Here are some examples: 


1) Some houses have cavity walls, made up of an inner and 
an outer wall with an air gap in the middle. The air gap 
reduces the amount of energy transferred by conduction 
through the walls. Cavity wall insulation, where the 
cavity wall air gap is filled with a foam, can also reduce 
energy transfer by convection in the wall cavity. 


Loft insulation can be laid out across the loft floor and 
ceiling. Fibreglass wool is often used which is a 

good insulator as it has pockets of trapped air. Loft 
insulation reduces energy loss by conduction and also 
helps prevent convection currents from being created. 


Double-glazed windows work in the same way as cavity 


walls — they have an air gap between two sheets of glass to 
prevent energy transfer by conduction through the windows. 


I. 
\ 


Reducing the difference between the 
emperature. inside ee the ices 
se 


will al its 
Draught excluders around doors and windows mi Bee ther kaa 
reduce anaes transfers by convection. is ) - ve 


Having a well-insulated house can reduce your heating bills... 

When people talk of energy loss, it’s not that the energy has disappeared. It still exists (see page 23), just 
not necessarily in the store we want. For example, in a car, you want the energy to transfer to the kinetic 
energy store of the wheels, and not to the thermal energy stores of the moving components. 
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Investigating Energy Transfers 


Now it’s time to get practical. This investigation isn’t too complicated, but there are several variables 
that it’s really important to keep constant. So make sure you follow the method carefully. 


Here’s the method for how you can do this: 


1) Boil water in a kettle. Pour some of the water into a sealable container 
(e. 8. a ane and lid) toa safe level. Measure She mass of water in the container (p.182). 


ROS OL EI NTR RE 2ST SHS FLITE SEES SER ERED I SIRES - PM AA 


2) Usea thermometer to measure ate initial temperature e of 0s water (p. 182). 


EEE ERAS RI 


== Thermometer 


aed 


3) Seal the container and leave it for five minutes. 
Measure this time says a stopwatch. 


eS TN IS AO SE OEE A ET eS 8 nha TR eRe a En a rh 


iste 


Known mass of 
water initially at 
boiling point. 


4) Remove the lid and measure the 
final temperature of By water. 


a a Rae ee 


Stopwatch ) 
to time 5 


minutes 


5) Pour away the water and allow the container to > cool to room temperature. 


LEA EAE IIIT SS IE AIT TER RIAN SETS PPR TSI COAT EIO ER 


6) Repeat this experiment, but wrap 
the container in a different material 
(e.g. foil, newspaper) once it has 
been sealed. Make sure you use 
the same mass of water each time. 


rae cmeNeAeE 


lid wrapped 
in material 
being tested. 


in original experiment. 
Again, initially at == 


Same mass of water as 
i 

| Or . 

1 boiling point. 


You should find that the temperature difference (and so the energy transferred) 
is reduced by wrapping the container in thermally insulating materials like bubble wrap or newspaper. 


1) You could, for example, also investigate how the thickness of 
the material affects the temperature change of the water. 


2) You should find that the thicker the insulating layer, the less energy . 
is transferred and the smaller the temperature change of the water. 


It’s tricky to keep the variables constant in this experiment... 
For example, it’s unlikely that the foil you have available will be exactly the same thickness as 


— newspaper. These are all things you should mention in your conclusion. It’s a good idea to repeat 
your investigation too — you don’t want errors creeping in without you noticing. 
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Devices have energy transferred to them, but only transfer some of that energy to useful energy stores. 
Wouldn't it be great if we could tell how much it usefully transfers? That’s where efficiency comes in. 


1) Useful devices are only useful because they can transfer energy from one store to another. 


2) As you'll probably have gathered by now, some of the input energy is usually wasted by 
being transferred to a useless energy store — usually a thermal energy store. 


3) The less energy that is ‘wasted’ in this energy store, the more efficient the device is said to be. 


4) You can improve the efficiency of energy transfers by insulating objects, lubricating them or 
making them more streamlined (see pages 26 and 108). 


5) The efficiency for any energy transfer can be worked out using this equation: 


Y. 

; Ou can give efficiency as 

€cimal or you can multiply 
YOur answer by 100 | 


; t 
Total input energy transfer Percentage ie O76 ee 


Useful output energy transfer 


Efficiency = 


6) You might not know the energy inputs and outputs of a device, but you can 
still calculate its efficiency as long as you know the power input and output: 


Useful power output 
Total power input 


PEXAANPLE: | A blender is 70% efficient. It has a total input power of 600 W. 


Calculate the useful output power. 


Efficiency = 


1) Change the efficiency from efficiency “Tox soa 
a percentage to a decimal. 

2) Rearrange the equation for useful power output = efficiency x total power input | 

useful power output. =070 x 600 | 

| 


3) Stick in the numbers you’re given. = 420 W 


1) For any given example you can talk about the types of energy being 
input and output, but remember — NO device is 100% efficient and 
the wasted energy is usually transferred to useless thermal energy stores. 


2) Electric heaters are the exception to this. They’re usually 
100% efficient because all the energy in the electrostatic 
energy store is transferred to “useful” thermal energy stores. 


3) Ultimately, all energy ends up transferred to thermal energy stores. 
For example, if you use an electric drill, its energy is transferred to lots of 
different energy stores, but quickly ends up all in thermal energy stores. 
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State the principle of the conservation of energy. 

What is power? State the units it is measured in. 

Name two mechanisms in which energy is transferred by heating. 

Give one way you could reduce the frictional forces in the hinge of an automatic door? 

For a given material, how does its thermal conductivity affect the rate of energy transfer through it? 
Why is the efficiency of an appliance always less than 100%? 


The motor of an electric scooter moves the scooter 10 metres along a flat, horizontal 


course in 20 seconds. During this time the motor does 1000 J of work. 


Write down the equation that links power, work done and time. 
Use this equation to calculate the power of the motor. 

[3 marks] 
The moving parts of the scooter are lubricated. The scooter then completes the course in 18 seconds. 
Explain, in terms of energy transfer, why the scooter completes the course in a faster time. 

[2 marks] 


The scooter’s motor is replaced with a more powerful, but otherwise identical, motor. 
It moves along the same 10 m course. 
Describe how its performance will differ from before. Explain your answer. 


[2 marks] 


PRACTICAL Figure 1 


Temperature in °C 


thermometer closed 
A student wants to test whether the temperature gel-filled box 


difference between the inside and outside 

of a flask affects the rate of energy transfer 
from the flask. She sets up the experiment 6-7 
shown in Figure 1 and records the temperature 

of the water in each flask every minute. 


=a 
----70° water Give two variables that the student must control. 
— 60° water 


_ [2 marks] 
The student produces the graph in Figure 2 of her results. 
Which temperature of water shows the greatest initial rate of 
energy transfer? Explain your answer using the graph. 

[2 marks] 

Calculate the rate of temperature change after 5 minutes 
for the 60 °C water. Give your answer in °C/ minute. 
Time in minutes — [3 marks] 
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Exam Questions 


3 Each second, a 1000 W hairdryer transfers 280 J of energy away i, 
through sound waves, 200 J of energy to kinetic energy stores, 6-7 
and the rest directly to the thermal energy store of the heating element. 


Calculate how much energy the hairdryer transfers directly to thermal energy stores each second. 


[1 mark] 
3.2 Calculate the efficiency of the hairdryer. 
[3 marks] 
3.3. It takes 4 minutes for a particular person to dry their hair. 
Calculate how much energy from electrical stores, in joules, is transferred in this time. 
[3 marks] 


480 J of this is transferred away usefully as light, 690 J is transferred 


4 Torch A transfers 1200 J of energy per minute. & 
6-7 
to useless thermal energy stores and 30 J is transferred away as sound. 


Write down the equation linking efficiency, useful output energy transfer and total input energy transfer. 
[1 mark] 
4.2 Calculate the efficiency of torch A. 


[2 marks] 
4.3. Torch B transfers 600 J of energy away usefully by light each minute. 
Calculate the output power of torch B. 
[2 marks] 
4.4 Torch B has an efficiency of 0.55. Calculate input power of torch B. 
[3 marks] 


4.5 Each torch is powered by an identical battery. A student claims that the battery in torch B will 
go ‘flat’ quicker than in torch A because it transfers more energy away as light each minute. 
Explain whether or not you agree with the student. 


[2 marks] 
PRACTICAL 
5 A scientist is worried that her house is losing /6raue 
a lot of energy through its walls and windows. 7-9 


5.1 Suggest one way that the scientist could reduce 
the energy lost through the walls of her house. 


[1 mark] 


Figure 3 


transparent 
films 


A shop sells two different types of transparent 
film that both claim to substantially 
‘reduce energy loss’ when stuck over windows. 


polystyrene 
lids thermometers 


Describe a method the scientist could use, using the apparatus in Figure 3, 

to investigate whether the claims are true and which type of film is best. 
[6 marks] 

5.3 The scientist is concerned that her results are not reproducible. 

Suggest one way she could check if her results are reproducible. 


[1 mark] 


a 


Energy Resources and their Uses 


There are lots of energy resources available on Earth. They are either renewable or non-renewable resources. 


ergy Resources W 3 
Non-renewable energy resources are fossil fuels and nuclear fuel (e.g. uranium and plutonium). Fossil fuels 
are natural resources that form underground over millions of years. They are typically burnt to provide energy. 
The three main fossil fuels are: 


| 


1) Coal e These will all ‘run out’ one day. 
2) Oil e They all do damage to the environment. 
3) (Natural) Gas e But they provide most of our energy. 
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Renewable energy resources are: 


1) The Sun (Solar) 

2) Wind e These will never run out — the energy 

3) Water waves can be ‘renewed’ as it is used. 

4) Hydro-electricity e Most of them do damage the environment, 

5) Bio-fuel but in less nasty ways than non-renewables. 

6) Tides e The trouble is they don’t provide much energy and some of 

7) Geothermal LA ace 8 OES sie 


Electricity can also be used to 


Ss can b | 
SC fe ncn ee power vehicles, (e.g. trains and 
Transport is one of the most obvious places where fuel is used. some cars). It can be generated 
Here are a few transportation methods that use either using renewable or non-renewable 
renewable or non-renewable energy resources: SRST yiteseurcess(p32-36), 


NON-RENEWABLE ENERGY RESOURCES RENEWABLE ENERGY RESOURCES 
e Petrol and diesel powered vehicles Vehicles that run on pure bio-fuels 


(including most cars) use fuel created from oil. (p.35) or a mix of a bio-fuel and 


¢ Coal is used in some old-fashioned steam petrol or diesel (only the bio-fuel 
trains to boil water to produce steam. bit is renewable, though). 


Energy resources are also needed for heating things like your home. 


NON-RENEWABLE ENERGY RESOURCES 

e Natural gas is the most widely used fuel 
for heating homes in the UK. The gas is 
used to heat water, which is then pumped 
into radiators throughout the home. 

¢ Coal is commonly burnt in fireplaces. 


e Electric heaters (sometimes called storage 


heaters) which use electricity generated 


from non-renewable energy resources. 


RENEWABLE ENERGY RESOURCES 


e A geothermal (or ground source) - 
heat pump uses geothermal energy 
resourees (p.33) to heat buildings. 


Solar water heaters work by using 


the sun to heat water which is then 
pumped into radiators in the building. 


Burning bio-fuel or using electricity 
generated from renewable resources 
can also be used for heating. 
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Wind and Solar Power 


Renewable energy resources, like wind and solar resources, will not run out. They don’t generate as much 
electricity as non-renewables though — if they did we’d all be using solar-powered toasters by now. 


This involves putting lots of wind turbines (windmills) up in exposed places like on moors or round coasts. 


1) Each turbine has a generator inside it — the rotating 
blades turn the generator and produce electricity. 
2) There's no pollution (except for a bit when they’re manufactured). 


3) But they do spoil the view. You need about 1500 wind turbines to 
replace one coal-fired power station and 1500 of them cover a lot 
of ground — which would have a big effect on the scenery. 

4) And they can be very noisy, which can be annoying for people living nearby. 


5) There’s also the problem of the turbines stopping when the wind stops or if the 
wind is too strong, and it’s impossible to increase supply when there’s extra demand 
(p.55). On average, wind turbines produce electricity 70-85% of the time. 


6) The initial costs are quite high, but there are no fuel costs and minimal running costs. 


7) There’s no permanent damage to the landscape — if you remove 
the turbines, you remove the noise and the view returns to normal. 


Solar cells generate electric currents directly from sunlight. 


1) Solar cells are often the best source of energy to charge batteries 
in calculators and watches which don’t use much electricity. 

2) Solar power is often used in remote places where there’s not much choice 
(e.g. the Australian outback) and to power electric road signs and satellites. 

3) There's no pollution. (Although the factories do use quite a lot of energy 
and produce some pollution when they manufacture the cells.) 

4) In sunny countries solar power is a very reliable source of energy 
— but only in the daytime. Solar power can still be cost-effective 
in cloudy countries like Britain though. 

5) Like wind, you can’t increase the power output 
when there is extra demand. 

6) Initial costs are high but after that the energy 
is free and running costs almost nil. 

7) Solar cells are usually used to generate 

electricity on a relatively small scale. 


electric (seca 


electrical 
- components 


People love the idea of wind power — just not in their back yard... 


It’s easy to think that non-renewables are the answer to the world’s energy problems. However, they have 
their downsides, and we definitely couldn’t rely on them totally at present. Make sure you know the pros 
and cons for wind and solar power because there are more renewables coming up on the next page. 
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Here are some more examples of renewable energy resources — geothermal and hydro-electric. 
on to find out why. 


These ones are a bit more reliable than wind and solar — read 


Geothermal power uses energy from 


underground thermal energy stores. 


1) 


Hydro-electric power transfers energy from the kinetic store of falling water. 


2) 


3) 
4) 


5) 
6) 


This is only possible in volcanic areas where 
hot rocks lie quite near to the surface. 

The source of much of the energy is the 
slow decay of various radioactive elements, 
including uranium, deep inside the Earth. 


This is actually brilliant free energy that’s reliable 


with very few environmental problems. 


Geothermal energy can be used to generate 
electricity, or to heat buildings directly. 


The main drawbacks with geothermal energy 
are that there aren’t very many suitable 
locations for power plants and that the cost of 
building a power plant is often high compared 
to the amount of energy it produces. 


ectric Power Uses Fallin 


water stored a7 


4 DY 


da 


Fe OA) oN 


national grid & 


VOC BY 


H/\\ 


steam pumped up 
to power turbine, 


then condensed into 


water and pumped 
back down 


1) Hydro-electric power usually requires the flooding of a valley by building a big dam. 

Rainwater is caught and allowed out through turbines. There is no pollution (as such). 

But there is a big impact on the environment due to the flooding of the valley (rotting vegetation 
releases methane and carbon dioxide) and possible loss of habitat for some species (sometimes 
the loss of whole villages). The reservoirs can also look very unsightly when they dry up. 
Putting hydro-electric power stations in remote valleys tends to reduce their impact on humans. 


A big advantage is it can provide an immediate response to an increased demand for electricity. 
There’s no problem with reliability except in times of drought — 


but remember this is Great Britain we’re talking about. 


Initial costs are high, but there are no fuel costs and minimal running costs. 
It can be a useful way to generate electricity on a small scale in remote areas. 


a generator 
S = 
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national grid 
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Wave Power and Tidal Barrages 


Good ol’ water. Not only can we drink it, we can also use it to generate electricity. It’s easy to get confused 
between wave and tidal power as they both involve the seaside — but don’t. They are completely different. 


located around the coast. Like with wind 
power (p.32) the moving turbines are 
connected to a generator. 


2) There is no pollution. The main problems 


are disturbing the seabed and the 
habitats of marine animals, spoiling the 


view and being a hazard to boats. | ) ' 


3) They are fairly unreliable, since waves 
tend to die out when the wind drops. 


4) Initial costs are high, but there are no fuel costs 
and minimal running costs. Wave power is 
never likely to provide energy on a large scale, 
but it can be very useful on small islands. 


1) Tides are used in lots of ways to generate electricity. The most common method is building a tidal barrage. 


2) Tidal barrages are big dams built across river estuaries, with turbines in them. As the tide comes in 
it fills up the estuary. The water is then allowed out through turbines at a controlled speed. 


tide flows out —_ _— 
th rough the 
turbines | 


ies) 


Tides are produced by the gravitational pull of the Sun and Moon. 


4) There is no pollution. The main problems are preventing free access by boats, spoiling the view 
and altering the habitat of the wildlife, e.g. wading birds and sea creatures who live in the sand. 


5) Tides are pretty reliable in the sense that they happen twice a day without fail, and always near to the 
predicted height. The only drawback is that the height of the tide is variable so lower (neap) tides will 
provide significantly less energy than the bigger (spring) tides. They also don’t work when the water 
level is the same either side of the barrage — this happens four times a day because of the tides. 


6) Initial costs are moderately high, but there are no fuel costs and minimal running costs. 
Even though it can only be used in some of the most suitable estuaries tidal power 


has the potential for generating a significant amount of energy. 


Wave and tidal — power from the motion of the ocean... 


The first large-scale tidal barrages started being built in the 1960s, so tidal power isn’t a new thing. 
Wave power is still pretty experimental though. Make sure you know the differences in how they work. 
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Bio-fuels 


And the energy resources just keep on coming. It’s over soon, | promise. Just a few more to go. 


Bio-fuels are renewable energy resources created from either plant products 
or animal dung. They can be solid, liquid or gas and can be burnt to 
produce electricity or run cars in the same way as fossil fuels. 


bio-fuel 


25ST RMA EEL MITT OY PRE IL  AB GTBTII SP ORIS ghar ont ef 


1) They are supposedly carbon neutral, although there is some debate about this as it’s 
only really true if you keep growing plants at the rate that you’re burning things. 


2) Bio-fuels are fairly reliable, as crops take a relatively short time to grow 
and different crops can be grown all year round. However, they cannot 

respond to immediate energy demands. To combat this, bio-fuels are 

continuously produced and stored for when they are needed. 


1) The cost to refine bio-fuels so they are suitable for use is very high. | 


2) Some people worry that growing crops specifically for bio-fuels will mean there 
isn’t enough space or water to meet the demands for crops that are grown for food. 


3) In some regions, large areas of forest have been cleared to make room to grow 
bio-fuels, resulting in lots of species losing their natural habitats. The decay and 
burning of this vegetation also increases carbon dioxide (CO,,) and methane emissions. 


In theory, bio-fuels are carbon neutral... 
Stuff you’ve learnt in biology may help you get your head around this one. When plants grow, 


they absorb CO, from the atmosphere for photosynthesis, but when you burn bio-fuels, you 
release CO, into the atmosphere. A bio-fuel is ‘carbon neutral’ if the amount of CO, released by 
burning it is equal to the amount absorbed by the plants you grow to make the bio-fuel. 
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Non-Renewable Resources 


Renewable resources may sound like great news for the environment. But when it comes down to it, 
they don’t currently meet all our needs so we still need those nasty, polluting non-renewables. 


1) Fossil fuels and nuclear energy are reliable. There’s enough fossil and 
nuclear fuels to meet current demand, and they are extracted from the Earth 
at a fast enough rate that power plants always have fuel in stock. This means 


that the power plants can respond quickly to changes in demand (p.55). 


Po GhSORERE, Sete Sune eee! 


Nuclear power plants 
use fission to produce 
electricity (p.84). 


2) However, these fuels are slowly running out. If no new resources are 
found, some fossil fuel stocks may run out within a hundred years. 


eg RS TERI 


3) While the set-up costs of power plants can be quite high compared to some other energy 
resources, the running costs aren’t that expensive. Combined with fairly low fuel extraction 
costs, using fossil fuels is a cost effective way to produce energy (which is why it’s so popular). 


1) Coal, oil and gas release carbon dioxide (CO,) into the atmosphere when they’re burned. 
All this CO, adds to the greenhouse effect, and contributes to global warming. 

2) Burning coal and oil also releases sulfur dioxide, which causes acid rain — which 
can be harmful to trees and soils and can have far-reaching effects in ecosystems. 


3) Acid rain can be reduced by taking the sulfur out before 
the fuel is burned, or cleaning up the emissions. 


4) Views can be spoilt by fossil fuel power plants, and coal mining — 
makes a mess of the landscape, especially “open-cast mining”. —== 


5) Oilspillages cause serious environmental problems, pipes 


mammals and birds that live in and around the sea. 
We try to avoid them, but they'll always happen. “Sate, 
6) Nuclear power is clean but the nuclear waste is very dangerous a tee 
and difficult to dispose of. eae ee: 
7) Nuclear fuel (e.g. uranium or plutonium) is relatively cheap but the overall cost 
of nuclear power is high due to the cost of the power plant and final decommissioning. 
8) Nuclear power always carries the risk of a major catastrophe like the Fukushima disaster in Japan. 


1) Over the 20th century, the Cae use of the UK hugely increased as the 
and people began to use electricity for more and more things. 


2) Since the beginning of the 21st century, electricity use in the UK has been decreasing (slowly), as we get 
better at making appliances more efficient (p.28) and become more careful with energy use in our homes. 


3) Most of our electricity is produced using fossil fuels (mostly coal and gas) and from nuclear power. 


4) Generating electricity isn’t the only reason we burn fossil fuels — gil (diesel 
and petrol) is used to fuel cars, and gas is used to heat homes and cook food. 
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Trends in Energy Resource Use 


Non-renewables may be what we rely on for the vast majority of our energy needs at the moment. 
But the balance may soon start shifting... 


We are trying to increase our use of renewable energy resources (the UK aims to 
use renewable resources to provide 15% of its total yearly energy by 2020). 
This move towards renewable energy resources has been triggered by many things: 


1) We now know that burning fossil fuels is very damaging to the environment (see last page). This 
makes many people want to use more renewable energy resources that affect the environment less. 


Fi 
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EE TEREST TEE IAI ETT 


2) People and governments are also becoming increasingly aware that 


non-renewables will run out one day. Many people think it’s better 
to learn to get by without non-renewables before this happens. | 


Pressure from other countries and the public has meant that governments have begun to introduce 
targets for using renewable resources. This in turn puts pressure on energy providers to build new 
power plants that use renewable resources to make sure they do not lose business and money. 
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4) Car companies have also been affected by this change in attitude towards the 
environment. Electric cars and hybrids (cars powered by two fuels, e.g. petrol 
and electricity) are already on the market and their arity is increasing. 
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The use of renewables is limited by reliability, money and politics. 


1) There’s lots of scientific evidence supporting renewables, but although scientists can give advice, 
they don’t have the power to make people, companies or governments change their behavi 


2) Building new renewable power plants costs money, so some energy providers are reluctant to do this, | 
especially when fossil fuels are so cost effective. The cost of switching to renewable power will have | 
to be paid, either by customers in their bills, or through government and taxes. Some people don’t 
want to or can’t afford to pay, and there are arguments about whether it’s ethical to make them. 


3) Even if new power plants are built, there are arguments over where to put them. E.g. many people ) 
don’t want to live next to a wind farm, causing protests. There are arguments over whether it’s ethical | 


to make people put up with wind farms built next to them when they may not agree with them. 
4) Some energy resources like wind power are not as reliable as traditional fossil fuels, whilst others 
cannot increase their power output on demand. This would mean either having to use a combination | 
of different power plants (which would be expensive) or researching ways to improve reliability. 


5) Research on improving the reliability and cost of renewables takes time and money — it may be years 
before improvements are made, even with funding. Until then, we need non-renewable power. 


6) Making personal changes can also be quite expensive. Hybrid cars are generally more expensive 


than equivalent petrol cars and things like solar panels for your home are still quite pricey. 
The cost of these things is slowly going down, but they are still not an option for many people. 


Topic 1 — Energy 


38 


Warm-Up & Exam Questions 


This is the last set of warm-up and exam questions on Topic 1. They’re not too horrendous, | promise. 


Name three non-renewable energy resources. 

Give one advantage and one disadvantage associated with the reliability of renewable resources. 
Describe one way that renewable energy resources can be used to power vehicles. 

Give two ways in which using coal as an energy resource causes environmental problems. 


Suggest two reasons why we can’t just stop using fossil fuels immediately. 


The inhabitants of a remote island do not have the resources or expertise /4rad 
to build a nuclear power plant. They have no access to fossil fuels. 


The islanders have considered using wind, solar and hydro-electric power to generate electricity. 
Suggest two other renewable energy resources they could use. 


[2 marks] 


The islanders decide that hydro-electric power could reliably generate enough electricity 
for all their needs, but they are concerned about the environmental impact. 
Give one environmental impact of using hydro-electric power to generate electricity. 


[1 mark] 


In the hydro-electric power station in Figure 1, 
water is held back behind a dam before 
being allowed to flow out through turbines. 


Figure 1 


Describe the transfer between energy stores of the 
water which occurs during this process. 
[2 marks] 
The tides can also be used to generate 
electricity using tidal barrages. 
Give two environmental advantages of generating electricity using tidal barrages. 


on their roof for the solar panels. They use 32 500 000 J of energy per day. 
A | m’ solar panel has an output of 200 W in good sunlight. 


Calculate the minimum number of | m? solar panels required to cover the os s daily energy use, 
assuming there are 5 hours of good sunlight in a day. 


[5 marks] 
Determine, using your answer from 3.1, whether the family can install enough solar panels to provide 
all of the energy they use, assuming there are 5 hours of good sunlight every day. 
[1 mark] 
In reality, the number of hours of good sunlight in a day varies based on the weather and time of year. 
Discuss the reliability of energy from solar panels compared to from a local coal-fired power station. 


[3 marks] 
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Revision Summary for Topic 1 


Well, that’s that for Topic 1 — this is when you find out how much of it went in. 
e Try these questions and tick off each one when you get it right. 
e When you've done all the questions under a heading and are completely happy with it, tick it off. 


Energy Stores and Systems (p.17-19) [. ] 

1) Write down four energy stores. 

2) What is a system? 

3) Describe the energy transfers that occur when a car collides with a stationary object. 
If energy is transferred to an object’s kinetic energy store, what happens to its speed? 


Give the equation for finding the energy in an object's gravitational potential energy store. 


SAS NANAA 


) 
) 

6) What kind of energy store is energy transferred to when you compress a spring? 
) 


What does the variable ‘e’ stand for in the equation for energy in an elastic potential energy store? 


Specific Heat Capacity (p.20-21) [_] 


8) What is the definition of the specific heat capacity of a material? 


L 


9) Suggest why a material with a high specific heat capacity is better suited 
for use in a heating system than a material with a low specific heat capacity. 


OO 


10) Describe an experiment to find the specific heat capacity of a material. 


Conservation of Energy and Power (p.23) [. | 
11) True of false? Energy can be destroyed. 
12) Give two equations to calculate power. 


OOO 


13) How much energy is transferred each second to a 50 W device? 


Reducing Unwanted Energy Transfers and Improving Efficiency (p.24-28) [. | 
14) True or false? A high thermal conductivity means there is a high rate of energy transfer. 
15) How can you reduce unwanted energy transfers in a machine with moving components? 
16) Give four ways to prevent unwanted energy transfers in a home. 

True or false? Thicker walls make a house cool down quicker. 


ASANAANAA 


17) 
18) Describe an experiment you could do to investigate ways of reducing unwanted energy transfers. 
19) What is the efficiency of an energy transfer? Give the equation that relates efficiency to power. 


Energy Resources and Trends in their Use (p.31-37) [. | 
20) Name four renewable energy resources. 
21) What is the difference between renewable and non-renewable energy resources? 
22) Give an example of how a renewable energy resource is used in everyday life. 
- 23) Explain why solar power is considered to be a fairly reliable energy resource. 
24) Give one environmental impact of using wave power to generate electricity. 
25) Describe how you can reduce the acid rain caused by burning coal and oil. 
26) Give one environmental benefit of using nuclear power. 


ONOOOOOOO 


27) Explain why the UK plans to use more renewable energy resources in the future. 
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Current and Circuit Symbols 


Isn’t electricity great? Mind you it’s pretty bad news if the words don’t mean anything to you... 


potential difference 
of supply provides 
the ‘push’ 


1) Electric current is the flow of electric charge round the circuit. 
Current will only flow around a complete (closed) circuit if there’s 
a potential difference. So a current can only flow if there’s a 
source of potential difference. Unit of current: ampere, A. 


current 
flows 


2) Inasingle, closed loop (like the one on the right) the current 
has the same value everywhere in the circuit (see p.48). 


3) Potential difference (or voltage) is the driving force that pushes 
the charge round. Unit of potential difference: volt, V. 


4) Resistance is anything in the circuit which 


slows the flow down. Unit of resistance: ohm, Q. RESISTANCE — 
opposes the flow 


5) The current flowing through a component depends on the potential 
difference across it and the resistance of the component (see next page). 


The greater the resistance across a component, the smaller the current that 
flows through it (for a given potential difference across the component). 


1) The size of the current is the rate of flow of charge. When current (/) flows past a point in a circuit 
for a length of time (t) then the charge (Q) that has passed is given by this formula: 


Charge (C) = Current (A) x Time (s) A. 


2) Current is measured in amperes (A), 
charge is measured in coulombs (©), PEXANNPLE: JR battery charger passes a current of 2.0 A 
time is measured in seconds (s). through a cell over a period of 2.5 hours. 

How much charge is transferred to the cell? 


3) More charge passes around the 
circuit when a bigger current flows. Q= It = 2.0 x (2.5 x 60 x 60) = 18 OOO C 


You need to be able to understand circuit diagrams and draw them using the correct symbols. Make sure all 


the wires in your circuit are straight lines and that the circuit is closed, i.e. you can follow a wire from one 


end of the power supply, through any components, to the other end of the supply (ignoring any switches). 


21, aa Switch open Switch closed | Filament lamp Fuse 
(or bulb) i 
_— a pe eee Ha : )—_— | —{—_}— 
a Sear 
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Resistance 


Prepare yourself to meet one of the most important equations in electronics. It’s all about resistance, current 
and potential difference... Now if that doesn’t tempt you on to read this page, | don’t know what will. 


The formula linking potential difference, current and 


: You may see potential di 
resistance is very useful (and pretty common): Y S0* potential difference called voltage, 


Potential difference (V)= Current (A) x Resistance (Q) 
EXAMPLE: 
Voltmeter V reads 6.0 V and resistor R is 4.0 Q. 


What is the current through ammeter A? 


1) Use the formula triangle for V =/ x R. 


2) We need to find /, 
so the version we need is / = V = R. 


3) The answer is then: 


Use this formula triangle 
to rearrange the equation. 
Just cover up the thing 
you're trying to find, and 

what's left visible is the 


formula you're after. 


1=60+40=15A 


For some components, as the current through them is changed, 
the resistance of the component changes as well. 


1) The resistance of ohmic conductors (e.g. a wire or a resistor) doesn’t change with the 
current. At a constant temperature, the current flowing through an ohmic conductor 
__ is directly proportional to the potential difference across it. (R is constant in V = /R.) 


2) The resistance of some resistors and components 
does change, e.g. a filament lamp or a diode. 


3) When an electrical charge flows through a filament lamp, it transfers some 
energy to the thermal energy store of the filament (p.17), which is designed 


to heat up. Resistance increases with temperature, so as the current 
increases, the filament lamp heats up more and the resistance increases. — 


4) For diodes, the resistance depends on the direction of the current. They wilt happily 
let current flow in one direction, but have a very high resistance if it is reversed. 


Resistance can be temperamental when it comes to temperature... 


Remember that ohmic conductors will only have a constant resistance at a constant temperature. 


In general, resistance increases with temperature (though there are some exceptions, like thermistors — 
see p.45). So if the temperature is changing, the resistance of your component will be changing too. 
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Resistance can depend on a number of factors. Here’s an experiment you can do to investigate one of 
them — how the resistance varies with the length of the conductor. 


Investigating Resistance 


The resistance of a circuit can depend on a number of factors, like whether 
components are in series or parallel, p.50, or the length of wire used in the 
circuit. You can investigate the effect of wire length using the circuit below. 


1) Measures the current (in amps) flowing 


meter ruler through the test wire. 


2) The ammeter must always be placed in series 
with whatever you’re investigating. 


ne oe 47-49 for more on 
= a Series and paralle| circuits. 
1) Measures the potential difference 

(or pd) across the test wire (in volts). 


2) The voltmeter must always be placed 
in parallel around whatever you're 
investigating (p.49) — NOT around any 
other bit of the circuit, e.g. the battery. 


test wire 


1) Attach a crocodile clip to the wire, level with 0. cm on the ruler. A thin wire will give you the best 
results. Make sure it's as straight 
as possible so your length 
measurements are accurate. 


2) Attach the second crocodile clip to the wire, e.g. 10 cm away 
from the first clip. Write down the length of the wire between the clips. 


3) Close the switch, then record the current 
through the wire and the pd across it. 


The wire may heat up during the experiment, 
which will affect its resistance (p41). 
Leave the switch open for a bit between 
readings to let the circuit cool down, 


4) Open the switch, then move the second crocodile clip, 
e.g. another 10 cm, along the wire. Close the switch again, 
then record the new length, current and pd. 


5) Repeat this for a number of different lengths of the test wire. 


6) Use your measurements of current and pd to calculate the 
resistance for each length of wire, using R = V + | (from V = JR). 


7) Plot a graph of resistance against wire length and draw a line of best fit. 


8) Your graph should be a straight line through the origin, 
meaning resistance is directly proportional to length — 


the longer the wire, the greater the resistance. 


Resistance 


9) If your graph doesn’t go through the origin, it could be because 
the first clip isn’t attached exactly at 0 cm, so all of your length . 
readings are a bit out. This is a systematic error (p.7). Length of wire 


rd 


f— Be careful with the temperature of the wire... 


If a large current flows through a wire, it can cause it to heat up (there’s more on this on page 41). 
ww So use a low pd to stop it getting too hot and turn off the circuit between readings to let it cool. 
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I-V Characteristics 


You’ve met ohmic conductors already on page 41, but most circuit components aren’t ohmic. 
You can see how circuit components behave by plotting an /-V characteristic. 


1) The term ‘/-V characteristic’ refers to a graph which shows how the current (/) flowing through a 
component changes as the potential difference (V) across it is increased. 


2) Linear components (e.g. an ohmic conductor) have an /-V characteristic that’s a straight line. 
3) Non-linear components (e.g. a filament lamp or a diode) have a curved /-V characteristic. 


You can do this experiment to find a component's /-V characteristic: 


This type of circuit uses direct 
current (dc) (p.52) and is a 
series circuit (p47). 


1) Set up the test circuit shown on the right. 


2) Begin to vary the variable resistor. This alters the 
current flowing through the circuit and the 


potential difference across the component. 


3) Take several pairs of readings from the ammeter and 
voltmeter to see how the potential difference across the 
component varies as the current changes. Repeat each 
reading twice more to get an average pd at each current. 


Variable 


resistor 


4) Swap over the wires connected to the cell, so : 
the direction of the current is reversed. 
5) Plota graph of of current cel voltage for the ee V 
7 OS aes Se gi aan aga eee | oltmeter 
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Ammeter 


The /-V characteristics you get for an ohmic conductor, filament lamp and diode should look like this: 


Ohmic / Filament / Diode | 
Conductor fa Lamp 
(e.g. resistor at a 
constant temperature) 
V 
The current through an As the current increases, the Current will only flow 
ohmic conductor (at a temperature of the filament through a diode in one 
constant temperature) is increases, so the resistance direction, as shown. 
directly proportional to increases. This means less current — The diode has very 
7 potential difference, can flow per unit pd, so the graph high resistance in the 
"so you get a straight line. gets shallower — hence the curve. reverse direction. 


Since V = /R, you can calculate the resistance at any point on the /-V characteristic by calculating KR = V = /. 


fe Nou may be asked to interpret an I-V characteristic... 


Make sure you take care when reading values off the graph. Pay close attention to the axes, and 
we make sure you've converted all values to the correct units before you do any calculations. 
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Warm-Up & Exam Questions 


Phew — circuits aren’t the easiest thing in the world, are they? Make sure you've understood thelast 
few pages ge: trying these questions. If you get stuck, just go back and re-read the relevant page. ni 


) What are the units of resistance? 
) How does current through a component vary with resistance for a fixed potential difference? 
) Draw the symbol for a light-emitting diode (LED). 
4) Give an example of an ohmic conductor. 
) How should a voltmeter be connected in a circuit to measure the pd across a component? 
) What is an /-V characteristic? 


test circuit. When the switch is closed, the ammeter 
reads 0.30 A and the voltmeter reads 1.5 V. 


Fe ee er 


1 Figure 1 shows is a circuit diagram for a standard @ 
6-7 


Calculate the resistance of the filament lamp. 
[3 marks] 


1.2. The switch is closed for 35 seconds. 
Calculate the total charge that flows through the filament lamp. 


[2 marks] 


I ER eR ane se a 


The variable resistor is used to increase the resistance in the circuit. 
Describe how this will affect the current flowing through the circuit. 


Figure 2 [1 mark] 


I The resistance of a filament lamp changes with temperature. 


On Figure 2, sketch the potential difference-current 

graph for a filament lamp. 

V ; [1 mark] 
1.5 State what happens to the resistance of the filament 

lamp as the temperature of the filament increases. 


[1 mark] 
PRACTICAL 


A student carried out an experiment using a standard test circuit where “ 
she varied the current and monitored what happened to the potential 6-7 


difference across a diode. Figure 3 shows a graph of her results. eat 


SRRSE7 AN? SSSR 


State the dependent variable in this experiment. 
[1 mark] 
2.2 Explain why the graph in Figure 3 shows zero current for negative pds. 
[1 mark] 
2.3 Calculate the resistance of the diode at the point marked A. 


‘i 
Ron isle its 


[4 marks] 


Circuit Devices 


You might consider yourself a bit of an expert in circuit components — you're enlightened about bulbs, 
you're switched on to switches... Just make sure you know these ones as well — they’re a bit trickier. 


This is the circuit symbol for a 
light-dependent resistor. 


1) An LDR is a resistor that is dependent on the intensity of light. 
In bright light, the resistance falls. 

2) In darkness, the resistance is highest. 

3) They have lots of applications including automatic night — 
lights, outdoor lighting and burglar detectors. 


Resistance 
inQ 


Light Intensity 


Dark 


Light 


— 


A thermistor is a temperature dependent resistor. This is the circuit symbol 
In hot conditions, the resistance drops. for a thermistor. 


In cool conditions, the resistance goes up. 


Thermistors make useful temperature detectors, e.g. car 
engine temperature sensors and electronic thermostats. 


No 


) 
) 
3) 
) 


aS 


Resistance 
ind 


Temperature 


Cold < HGt 


Thermistors and LDRs have many applications... 
And they’re not just limited to the examples on this page. Oh no. For example, LDRs are used in digital 
cameras to control how long the shutter should stay open for. If the light level is low, changes in the 
resistance cause the shutter to stay open for longer than if the light level was higher. How interesting. 
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Sensing Circuits 


Now you've learnt about what LDRs and thermistors do, it’s time to take a look at how they're put to use. 


Sensing circuits can be used to turn on or increase the power to 
components depending on the conditions that they are in. 


1) The circuit on the right is a sensing Enouniaton 


circuit used to operate afaninaroom. | 


The fixed resistor and the fan will always | + 
have the same potential difference 
across them (because they’re 
connected in parallel — see p.49). 


tt SS SS 


ee) 


fixed resistor fan 


— 


The potential difference of the power supply is shared 
out between the thermistor and the loop made up 

of the fixed resistor and the fan according to their 
resistances — the bigger a component's resistance, 
the more w ie eau sale it takes. 


Ste OPTS LAKEMAN AAR EN BUF RI IEP RET SENOS TE ORES REISE NBT OE OY TRC TELCO EE Bah Sa 


STO SIGE STUBS LTRS PEERS 


| 


smaller share of the potential difference from the power supply. So the potential | 
difference across the fixed resistor and the fan rises, making the fan go faster. | 


4) As the room gets hotter, the resistance of the thermistor decreases and it takes a 


1) You can connect the component | 
across the variable resistor instead 
of across the fixed resistor. 


fixed 
2) For example, if you connect a bulb in parallel a resistor 
to an LDR, the potential difference across 

both the LDR and the bulb will be high when 


it’s dark and the LDR’s resistance is high. 


3) The greater the potential difference across a cs 
component, the more energy it gets. 


4) Soa bulb connected across an LDR would 
get brighter as the room got darker. 


Sensing circuits react to changes in the surroundings... 


Sensing Circuits are a useful a application of thermistors and LDRs, but they can be tricky to make sense of. 
They rely on the properties of series and parallel circuits — read on to learn all about them. 
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You need to be able to tell the if components are connected in series or parallel just by looking at circuit 
diagrams. You also need to know the rules about what happens with both types. Read on to find out more. 


1) In series circuits, the different components 
are connected in a line, end to end, 
between the +ve and —ve of the power 
supply (except for voltmeters, which are 
always connected in parallel, but they 
don’t count as part of the circuit). 


2) If you remove or disconnect one component, 
the circuit is broken and they all stop. This is 


generally not very handy, and in practice very 
few things are connected in series. 


3) You can use the following rules to design 
series circuits to measure quantities and test 
components (e.g. the test circuits on p.43 and 
p.50 and the sensing circuits on the last page). 


1) There is a bigger potential difference when # 
more cells are in series, provided the cells eel 5 
are all connected the same way. | 1.5V 
2) For example, when two batteries of voltage 1.5 V are j = 
connected in series they supply a total of 3 V. Tota e715 Neato Ov 


In series circuits, the total potential difference of the 
supply is shared between the various components. 
So the potential differences round a series circuit 


always add up to the source potential difference: 


Vetob+15=3V 


V =V,+V,+... 


total 


There are two main types of circuit — series and parallel... 


Remember, ammeters should always be connected in series, and voltmeters should always be_connected in 
parallel. These components don’t count towards how you define a circuit — you can have a parallel circuit 
(p.49) with ammeters connected in series, or a series circuit with voltmeters connected across components. 
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We’re not done with series circuits yet. Here’s the low-down on current and resistance... 


In series circuits the same current flows through all components, 
i.e: 


The size of the current is determined by the 


total potential difference of the cells and the 
total resistance of the circuit: i.e. /= V+R. 


components is just the sum of their resistances: 


2) This is because by adding a resistor in 


series, the two resistors have to share 
the total potential difference. Total resistance = 6 +3 =9 Q 


1) Inseries circuits the total resistance of two 6V j + 


3) The potential difference across each resistor is lower, so the current through each resistor is also 
lower. In a series circuit, the current is the same everywhere so the total current in the circuit 
is reduced when a resistor is added. This means the total resistance of the circuit increases. 


4) The bigger a component's resistance, the bigger its share of the total potential difference. 


FEXAMPLES For the circuit diagram on the right, calculate 


the current passing through the circuit. 


1) First find the total resistance by Rw =2+3=5Q 
adding together the resistance 20V as 
of the two resistors. 1=V+R 

2) Then rearrange V = /R and substitute =20+5 
in the values you have. =4A 


Series circuits aren’t used very much in the real world... 


Since series circuits put all components on the same loop of wire, and the current is the same through each 
component, if one component breaks, it'll break the circuit, and all other components will stop working 


too. Parallel circuits are much more useful and can avoid this problem — as you're about to find out... 
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Parallel Circuits 


Parallel circuits can be a little bit trickier to wrap your head around, but they’re much more useful than 
series circuits. Most electronics use a combination of series and parallel circuitry. 


1) In parallel circuits, each component is separately Thee 
connected to the +ve and —ve of the supply (except Branch, = hel 


ammeters, which are always connected in series). 


2) If you remove or disconnect one of them, 
it will hardly affect the others at all. 


3) This is obviously how most things must be connected, for ..50 is this, 
example in cars and in household electrics. You have to 
be able to switch everything on and off separately. 


4) Everyday circuits often include a mixture of series and parallel parts. 


1) In parallel circuits all components get the full source pd, | 
so the voltage is the same across all components: 


2) This means that identical bulbs connected in parallel will all be at the same brightness. 


1) In parallel circuits the total current flowing around 
the circuit is equal to the total of all the currents 
through the separate components: : 


2) Ina parallel circuit, there are junctions where the current either splits or rejoins. 
The total current going into a junction has to equal the total current leaving it. 


3) If two identical components are connected in parallel 
then the same current will flow through each component. 


1) If you have two resistors in parallel, their total resistance is 
less than the resistance of the smallest of the two resistors. 


2) This can be tough to get your head around, but think about it like this: 


e In parallel, both resistors have the same potential difference across them as the source. 


e This means the ‘pushing force’ making the current flow is the same as 
the source potential difference for each resistor that you add. 


e But by adding another loop, the current has more than one direction to alee in. 


e This increases the total current that can flow around the circuit. Using V = 
an increase in current means a decrease in the total resistance of the At 
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Circuits and Resistance 


You saw on page 42 how the length of the wire used in a circuit affects its resistance. Now it’s time to do an 
experiment to see how placing resistors in series or in parallel can affect the resistance of the whole circuit. 


1) First, you'll need to find at least four identical resistors. 


2) Then build the circuit shown on the right using one of the resistors. ——>” 
Make a note of the potential difference of the battery (V). 


3) Measure the current through the circuit using the ammeter. 
Use this to calculate the resistance of the circuit using R = V + /. 


4) Add another resistor, in series with the first. ie. 
5) Again, measure the current through the circuit and use 

this and the potential difference of the battery to calculate 

the overall resistance of the circuit. 


6) Repeat steps 4 and 5 until you’ve added all of your resistors. 


7) Plota graph of the number of resistors against the total resistance of the circuit (see below). 


1) Using the same equipment as before (so the experiment is a fair test), build the same initial circuit. 


2) Measure the total current through the circuit and calculate the resistance of the 
circuit using R = V + / (again, V is the potential difference of the battery). 


3) Next, add another resistor, in parallel with the first. 


4) Measure the total current through the circuit and use this and the potential 
difference of the battery to calculate the overall resistance of the circuit. 


5) Repeat steps 3 and 4 until you’ve added all of your resistors. 


6) Plot a graph of the number of resistors in the circuit against the total resistance. 


1) You should find that adding resistors in series increases SERIES 
the total resistance of the circuit (adding a resistor 


decreases the total current through the circuit). 


circuit (Q) 


2) The more resistors you add, the larger 
the resistance of the whole circuit. 


Resistance of 


Number of identical 
resistors 


PARALLEL 


— 

or 

o 

VG 
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AO 
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3) When you add resistors in parallel, the total current through the 
circuit increases — so the total resistance of the circuit has decreased. 


4) The more resistors you add, the smaller the overall resistance 
becomes — as shown by the graph on the left. 


5) These results agree with what you learnt about resistance 
Number of identical in series and parallel circuits on pages 48 and 49. 


resistors 


Topic 2 — Electricity 


51 


Warsi & Exam Questions 


eck and 


fra “ 


see what you can remember about those circuit devices, parallel and series circuits. 


) Give one use of a light-dependent resistor (LDR). 
2) What happens to the resistance of a thermistor as its temperature increases? 
3) Draw a circuit diagram of a sensing circuit where a bulb gets brighter with decreasing temperature. 
4) Give one practical disadvantage of series circuits. 
5) How do you work out the total resistance in a series circuit? 
6) Which has the higher total resistance: two resistors in series, or the same two resistors in parallel? 
7) Sketch a graph to show how the number of identical resistors connected together in parallel 


affects the total resistance in a circuit. 


: RR AL 
Figure 1 shows a series circuit. { 4-6 
wd Figure 1 


Calculate the total resistance in the circuit. 


The current through A, is 0.4 A. 
What is the current through A,? Explain your answer. 


V, reads 0.8 V and V, reads 1.2 V. 
Calculate the reading on V,. 


t 
2 A parallel circuit is connected as shown in Figure 2. 7.9 


Figure 2 
2.1 Give the reading on voltmeter V.. 


[1 mark] 


2.2 Calculate the reading on ammeter A,. 
[3 marks] ISV (vy) Om: 


2.3 Calculate the reading on ammeter A... 
[2 marks] 


az 


Electricity in the Home 


Now you’ve learnt the basics of electrical circuits, it’s time to see how electricity is used in everyday life. 


1) There are two types of electricity supplies — alternating current (ac) and direct current (dc). 


2) In ac supplies the current is constantly changing direction. Alternating currents are produced 
by alternating potential difference in which the positive and negative ends keep alternating. 


3) The UK mains supply (the electricity in your home) is an ac supply at around 230 V. 
4) The frequency of the ac mains supply is 50 cycles per second or 50 Hz (hertz). 


5) By contrast, cells and batteries supply direct current (dc). 


6) Direct current is a current that is always flowing in the same direction. 
It’s created by a direct potential difference. 


1) Most electrical appliances are connected to the mains supply by three-core cables. This means that 
they have three wires inside them, each with a core of copper and a coloured plastic coating. 


2) The colour of the insulation on each cable shows its purpose. 


3) The colours are always the same for every appliance. 
This is so that it is easy to tell the different wires apart. 


4) You need to know the colour of each wire, LIVE WIRE — brown. 
what each of them is for and what their pd is. The live wire provides the alternating 
potential difference (at about 230 V) 


NEUTRAL WIRE — blue. from the mains supply. 


The neutral wire completes 
the circuit and carries away 
current — electricity normally 
flows in through the live wire 
and out through the neutral 
wire. It is around OV. 


EARTH WIRE — green and yellow. 

The earth wire is for protecting the 
wiring, and for safety — it stops the 
appliance casing from becoming live. 

It doesn’t usually carry a current — only 
when there’s a fault. It’s also at OV. 


1) Your body (just like the earth) is at OV. 


2) This means that if you touch the live wire, a large potential 
difference is produced across your body and a current flows through you. 


3) This causes a large electric shock which could injure or even kill you. 


4) Even if a plug socket or a light switch is turned off (i.e. the switch is open) there is 
still a danger of an electric shock. A current isn’t flowing, but there is still a pd in 
the live wire. If you made contact with the live wire, your body would provide a 
link between the supply and the earth, so a current would flow through you. 


5) Any connection between live and earth can be dangerous. If the link creates a 
low resistance path to earth, a huge current will flow, which could result in a fire. 
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Power of Electrical Appliances 


You can think about electrical circuits in terms of energy transfer — the charge carriers take energy around the 
circuit. When they go through an electrical component energy is transferred to make the component work. 


1) You know from page 17 that a moving charge transfers energy. This is because the charge does 
work against the resistance of the circuit. (Work done is the same as energy transferred, p.18.) 


2) Electrical appliances are designed to transfer energy to components in the circuit when a current flows. 


Kettles transfer energy electrically “eS Energy is transferred electrically 
from the mains ac supply to ji 7 from the battery of a handheld 


the thermal energy store of the fan to the kinetic energy 
heating element inside the kettle. store of the fan’s motor. 


3) Of course, no appliance transfers all energy completely usefully. The higher the current, the more 
energy is transferred to the thermal energy stores of the components (and then the surroundings). 
You can calculate the efficiency of any electrical appliance — see p.28. 


=a 


1) The total energy transferred by an appliance depends on how long the appliance is on for and its power. 
2) The power of an appliance is the energy that it transfers per second. 
So the more energy it transfers in a given time, the higher its power. 


3) The amount of energy transferred by electrical work is given by: 


This equation should be 
F=Pt familiar from page 23. 


Energy transferred (J) = Power (W) x Time (s) 


LEXAIAPLES 


A 600 W microwave is used for 5 minutes. How long (in minutes) 


would a 750 W microwave take to do the same amount of work? Remember that 
1) Calculate the energy transferred by the E = Pt= 600 ~ (5 x 60) the time must be 
600 W microwave in five minutes. = 180 OOO J Olas 
2) Rearrange F = Pt and sub in the energy t=E+P 
you calculated and the power of the = 180 OOO + 750 = 240 s 
750 W microwave. 
3) Convert the time back to minutes. 240 + 60 = 4 minutes 


So the 750 W microwave would take 4 minutes to do the same amount of work. 


4) Appliances are often given a power rating — they’re labelled with the maximum safe power - 
that they can operate at. You can usually take this to be their maximum operating power. 

5) The power rating tells you the maximum amount of energy transférred ~ 
between stores per second when the appliance is in use. 


6) This helps customers choose between models — the lower the power rating, 
the less electricity an appliance uses in a given time and so the cheaper it is to run. 

7) Buta higher power doesn’t necessarily mean that it transfers more energy usefully. 
An appliance may be more powerful than another, but less efficient, meaning that it might 
still only transfer the same amount of energy (or even less) to useful stores (see p.28). 
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More on Power 


As you've seen, the power of a device tells you how much energy it transfers per second. 
In electrical systems, there are a load of useful formulas you can use to calculate energy and power. 


1) When an electrical charge goes through a change 


; : ; Ch 
in potential difference, energy is transferred. ENnine +6V@ Z 
2) Energy is supplied to the charge at the power source energy 


to ‘raise’ it through a potential. 
3) The charge gives up this energy when it ‘falls’ through any 


potential drop in components elsewhere in the circuit. 
4) The formula is really simple: 


Charge flow (C) 


p/ / Charges releasing 
energy in resistors. 

E transferred 
nergy transferred ()) Potential difference (V) 


5) That means that a battery with a bigger pd will supply more energy to the circuit for every 
coulomb of charge which flows round it, because the charge is raised up “higher” at the start. 


LEXAINPLEs 


The motor in an electric toothbrush is attached to a 3 V battery. en “nergy is transferred to the 
140 C of charge passes through the circuit as it is used. inetic energy store of the mot 
Calculate the energy transferred. as well as to the thermal rae 
E= QV=140 x3 = 420) stores of the surroundings 


1) As well as energy transferred in a given time, the power of an appliance can be found with: 


Power (W) = Potential difference (V) x Current (A) 


F EXAMPLE: A 1.0 kW hair dryer is connected to a 230 V supply. Calculate the 


current through the hair dryer. Give your answer to two significant figures. 


1) Rearrange the equation for current. /=P+V 
2) Make sure your units are correct. 1.0 kW = 1000 W 


3) Then just stick in the numbers that you have. | = 1000 + 230 = 4:34... = 4.3 A (to 2 sf) 


2) You can also find the power if you don’t know the potential difference. Resistance (C2) 
To do this, stick V = /R from page 41 into P = VI, which gives you: 


Power is measured in watts, WV — one W is equal to one J/s... 


Remember, the power rating of an electrical appliance is the amount of energy transferred to the appliance 
per second, not the amount that it transfers to useful energy stores. Two appliances with the same power 
rating won't necessarily work as well as each other — it'll depend on their efficiencies (see page 28). 
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The National Grid 


The national grid is a giant web of wires that covers the whole of Britain, getting electricity from power 
stations to homes everywhere. Whoever you pay for your electricity, it’s the national grid that gets it to you. 


1) The national grid is a giant system of cables and transformers 


(p.171) that covers the UK and connects power 
stations to consumers (anyone who is using electricity). 


OTE AA ANN OU NOT STD BLES ET EASE YD 


2) The national grid transfers electrical power from power stations 
anywhere on the grid (the supply) to anywhere else on the grid 
where it’s needed (the demand) — e.g. homes and industry. 


emcee Oo SSP RNR TEE TIE! MLE TE DIRE DESERT SION IE MBE ITI I ES AE TO ETE IS 
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1) Throughout the day, electricity usage (the demand) 
changes. Power stations have to produce enough 
electricity for everyone to have it when they need it. 


J 
S 
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2) They can predict when the most electricity will 
be used though. Demand increases when people | 
get up in the morning, come home from school 
or work and when it starts to get dark or cold 
outside. Popular events:like a sporting final being 
shown on TV could also cause a peak in demand. 


3) Power stations often run at well below their maximum power output, 


so there’s spare capacity to cope with a high demand, even if there’s 
an unexpected shut-down of another station. 


4) Lots of smaller power stations that can start up 
quickly are also kept in standby just in case. 


Energy demands are ever increasing... 
The national grid has been working since the 1930s and has gone through many changes and 


updates since then to meet increasing energy demands. Using energy-efficient appliances and 
switching unneeded lights off are some ways we might ensure that supply and demand stay in 


balance. It'll do wonders for your electricity bills too, as I’m sure your parents often remind you. 
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The National Grid 


To transfer electricity efficiently, the national grid makes use of some clever tech called transformers. 


1) To transmit the huge amount of power needed, you need either a 
high potential difference or a high current (as P = VI, page 54). 


To See me re 1 RAD Ee ERROR ES 


Remember that power is the 
energy transferred in a given 
time, so a higher power means 
more energy transferred. 


2) The problem with a high current is that you lose loads 
of energy as the wires heat up and energy is transferred 
to the thermal energy store of the surroundings. 


RT ROK RP TA ROL ISELIN NAT RT 


3) It's much cheaper to boost the pd up really high (to 400 000 V) 
and keep the current relatively low. 


ACLS SPA SARE SS RNR ER TPT STII 


4) Fora given power, increasing the pd decreases the current, which 
decreases the energy lost by heating the wires and the surroundings. 
This makes the national grid an efficient way of transferring energy. 


: F 
1) To get the potential difference to 400 000 V to transmit power requires es ae on how 
transformers as well as big pylons with huge insulators — but it’s still cheaper. sormers work, 
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at page 171, 


2) The transformers have to step the potential difference up at one end, for efficient 
transmission, and then bring it back down to safe, usable levels at the other end. 


(2S IA IASI CE SSF PL PE EROS ER ETERS 


3) The potential difference is increased 4) It’s then reduced again (‘stepped down’) for 


(‘stepped up’) using a step-up transformer. domestic use using a step-down transformer. 


The national grid — it’s a powerful thing... 


The key to the efficiency of the national grid is the power equation, P = VI (see page 54). Since power 
is proportional to both potential difference and current, if you have a constant power, but increase the 
potential difference using a transformer, the current must decrease. And vice versa. 
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Warm-Up & Exam Questions 


ew there was so much to learn about electricity in the home and across the country? 
s switched on a lightbulb in your brain by trying out these questions. 


) What are the three core cables that connect electrical appliances to the mains supply? 
) What is the main energy transfer when electric current flows through an electric kettle? 
3) What is the equation linking power, current and resistance? 

) What is the national grid? 


Appliances with a metal casing are usually connected to the mains using a three-core cable. 


Mains electricity provides alternating current. 
Define alternating current. 


[1 mark] 
} 1.2 Anelectrical cable has become frayed so that the metal part of the live wire is exposed. 
j Explain why you would get an electric shock if you touched it. 
[3 marks] 
: 2 The national grid transmits electricity from power stations gos 
| to homes and businesses all over the country. (3) 
} Explain why the national grid uses step-up transformers. 
[3 marks] 


Table 1 
3 Table 1 shows the power 


and potential difference (6-7) | | Power (kW), Potential Difference (V) 


ratings for two kettles. 


Kettle A a 
Kettle B 


3.1 State the equation linking power, potential difference and current. 


[1 mark] 
3.2 Calculate the current drawn from the mains supply by kettle A. State the correct unit. 


[4 marks] 
3.3. A student is deciding whether to buy kettle A or kettle B. 
She wants to buy the kettle that boils water faster. Both kettles have an efficiency of 90%. 
Suggest which kettle she should choose. Explain your answer. 
[2 marks] 


4 A current of 0.5 A passes through a torch bulb. The torch is powered by a 3.0 V battery. 


4.1. The torch is on for half an hour. 
Calculate the amount of energy transferred from the battery in this time. 
[4 marks] 
4.2 Calculate how much charge passes through the torch in half an hour. 
[3 marks] 
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Static Electricity 


Static electricity is all about charges which are not free to move, e.g. in insulating materials. 


f Static is Ca 
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1) When certain insulating materials are rubbed together, negatively 
charged electrons will be scraped off one and dumped on the other. 


2) This will leave the materials electrically charged, with a positive static 
charge on one and an equal negative static charge on the other. 


3) Which way the electrons are transferred depends 
on the two materials involved. 


4) The classic examples are polythene and acetate rods being rubbed 
with a cloth duster (shown below). 


With the polythene rod, electrons 
move from the duster to the rod. 


With the acetate rod, electrons 
move from the rod to the duster. 


1) Watch out for this in exams. Both positive (+ve) and negative (-ve) electrostatic charges are only 
ever produced by the movement of electrons. The positive charges definitely do not move! 


2) A positive static charge is always caused by electrons moving away ~ 
elsewhere. The material that loses the electrons loses some negative 


charge, and is left with an equal positive charge. Don’t forget. 


It shouldn’t shock you to learn that static charges are everywhere... 
You'll probably be pretty familiar with static charges from your day to day life. Whenever taking off a 
jumper or brushing your hair makes your hair stand on end — that's static electricity. It’s also the reason 
you can get zapped by the car door after a long journey. The ‘zap’ is a spark — read on to find out more. 
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Static Electricity 


When lots of static charge builds up in one place, it often ends with a spark or a shock, as they finally move. 


1) As electric charge builds on an object, the potential difference 
between the object and the earth (which is at 0 V) increases. 


ee 


For more on how sparks 
actually jump across gaps, 5 
the next page , See 

2) If the potential difference gets large enough, electrons can jump across 

the gap between the charged object and the earth — this is the spark. 
3) They can also jump to any earthed conductor that is nearby — which is why you 

can get static shocks getting out of a car. A charge builds up on the car’s metal 

frame, and when you touch the car, the charge travels through you to earth. | 


oR A I PTR ETRE 


4) This usually happens when the gap is fairly small. 
(But not always — lightning is just a really big spark.) 


; 
i 
| 
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charged objects are brought close together they exert a force on one another. 


2) Two things with opposite electric charges are attracted to each other, 
while two things with the same electric charge will repel each other. 


ry 


Repulsion <== ) Ss —=—=_ 
| 

Repulsion — QD Bp — ' 

# 
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Attraction 


3) These forces get weaker the further apart the two things are. 


4) These forces will cause the objects to move if they are able to do so. This is known as electrostatic 
attraction / repulsion and is a non-contact force (the objects don’t need to touch, p.87). 


5) One way to see this force is to suspend a rod with a known charge from a piece of string (so it is free 
to move). Placing an object with the same charge nearby will repel the rod — the rod will move 
away from the object. An oppositely charged object will cause the rod to move towards the object. 


Electrostatic forces — like charges repel but opposites attract... 


(ga 

Ga You could be asked to apply the idea of electrostatic attraction and repulsion in any situation 
New in the exam. So remember, when an object becomes charged by being rubbed against another 
object, the objects will have equal and opposite charges to each other. 
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Electric Fields 


As you've seen on the last page, electrical charges exert a force on each other. You can explain these 
forces in terms of electric fields. They can be used to explain things like sparks as well. 


1) An electric field is created around any electrically charged object. 


2) The closer to the object you get, the stronger the field is. (eolated meanc we ie 
(And the further you are from it, the weaker it is.) interacting with anything 


3) You can show an electric field around an object using field lines. 
For example you can draw the field lines for an isolated, charged sphere: 


e Electric field lines go from positive to negative. 

¢ They’re always at a right angle to the surface. 

¢ The closer together the lines are, the stronger the field is 
— you can see that the further from a charge you go, the 
further apart the lines are and so the weaker the field is. 


1) When a charged object is placed in the electric field of another object, it feels a force. 

2) This force causes the attraction or repulsion you saw on the previous page. 

3) The force is caused by the electric fields of each charged object interacting with each other. 
4) The force on an object is linked to the strength of the electric field it is in. 

5) As you increase the distance between the charged objects, the strength of 


the field decreases and the force between them gets smaller. 


Two o itely charged 


1) The alectiegens of Q interacts 
ae) with the electric field of q. 


2 Force Be soi 
Qo ae 2) This causes for es to act ‘on both Q and q. 


3) These forces move qand | Q closer together. 


1 enough F 
earth (or an ear 
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Topic 2 — Electricity 


1) What happens to an acetate rod when it is rubbed by a cloth? 


2) Two objects are rubbed together and become charged. 
What particles move to cause the objects to become charged? 


Do opposite charges attract or repel each other? 
What type of objects have electric fields? 
What happens to the strength of an electric field as you move closer to a charged object? 


A student rubbed a plastic sphere with a cloth, and the sphere became negatively charged. { 
The charge on the sphere is —1.6 nC. 


State the charge on the cloth. 
[1 mark] 


Describe the movement of charge which caused the sphere to become charged. 
[1 mark] 


An image of the charged sphere is shown in Figure 1. 


Figure i 


. © 


Give the position (A, B or C) where a test charge would feel the greatest force. 


[1 mark] 
Draw an arrow on Figure 1 showing the force a negative test charge would feel at that point. 
[1 mark] 


Describe how the presence of a strong electric field can cause a spark. 
[2 marks] 


Jane hangs an uncharged balloon from a thread. She brings a negatively charged 
polythene rod towards the balloon. Figure 2 shows how the positive and @) 
negative charges in the balloon rearrange themselves when she does this. : 


In which of the positions labelled A, B and C on the diagram did Jane hold the polythene rod? 
Explain your answer. 
[3 marks] 
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Revision Summary for Topic 2 


You’ve made it through Topic 2 — time to put yourself through your paces and check it’s all sunk in. 


e Try these questions and tick off each one when you get it right. 
e When you've done all the questions under a heading and are completely happy with it, tick it off. 


Circuit Basics (p.40-43) [.] 


1) Define current and state an equation that links current, charge and time, with units for each. 
2) What is meant by potential difference and resistance in a circuit? 
3) Draw the circuit symbols for: a cell, a lamp, a diode, a fuse and an LDR. 
) What is the equation that links potential difference, current and resistance? 
) What is an ohmic conductor? 
6) Explain how you would investigate how the length of a wire affects its resistance. 
) 


Draw a circuit that could be used to investigate how the resistance 
of a filament bulb changes with the current through it. 


AW WASAAs 


8) Name one linear component and one non-linear component. 


Circuit Devices and Types of Circuit (p.45-50) [. | 
9) Explain how the resistance of an LDR varies with light intensity. 
0) What happens to the resistance of a thermistor as it gets colder? 
1) True or false? Potential difference is shared between components in a series Circuit. 


) 
) 
12) True or false? The current is constant in a series circuit. 
3) True or false? The potential difference across each component connected in parallel is different. 
) 


4) Explain why adding resistors in parallel decreases the total resistance of a circuit, 
but adding them in series increases the total resistance. 
15) Describe an experiment that could be carried out to investigate how 
adding resistors in series and parallel affects the total resistance of a circuit. 
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Electricity in the Home (p.52-56) [. | 


16) True or false? Mains supply electricity is an alternating current. 


7) What is the potential difference and the frequency of the UK mains supply? 
8) Name and give the colours of the three wires in a three-core cable. 


19) Give the potential differences for the three wires in a three-core mains cable. 


i 


) 
) 
) 
20) Explain why touching a live wire is dangerous. 
21) State three equations that can be used to calculate electrical power. 
22) What is the power rating of an appliance? 

23) Explain why electricity is transferred by the national grid at a high pd but low current. 


24) What are the functions of step-up and step-down transformers? 


: 
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Static Electricity and Electric Fields (p.58-60) [. | 
25) How does rubbing of materials cause static electricity to build up? 
26) True or false? Two positive ch rges « attract each other. — - Fug a 
27) In which direction do the. TOWS ON. electric fi eld lines point? 
a 28) Using the concept of elect ric fields, explain how ab 
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Particle Model 


The particle model is simpler than it sounds. It says that everything is made up of lots of tiny particles 
and describes how those particles behave in the three states of matter — solids, liquids and gases. 


2 Se 


1) In the particle model, you can think of the particles that make up matter as tiny balls. You can explain 
the ways that matter behaves in terms of how these tiny balls move, and the forces between them. 


2) The three states of matter are solid (e.g. ice), liquid (e.g. water) and gas 
(e.g. water vapour). The particles of a substance in each state are the same 
— only the arrangement and energy of the particles are different. 


Strong forces of attraction hold the particles 
close together in a fixed, regular arrangement. 


The particles don’t have much energy so they 
can only vibrate about their fixed positions. 


SRSA SRI 


The density is generally highest in this state as 
the particles are closest together. 


FR Ae TE IE STI BT SOE SD ITED II EIT EL ELE IEICE LID GOES LEN LEE BR AETEICEEL 
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There are weaker forces of attraction between the particles. 


The particles are close together, but can move past each 
other, and form irregular arrangements. 


For any given substance, in the liquid state its 
particles will have more energy than in the solid 
state (but less energy than in the gas state). 


They move in random directions at low speeds. 


Liquids are generally less dense than solids. 


There are almost no forces of attraction between the particles. 


For any given substance, in the gas state its particles will have 
more energy than in the solid state or the liquid state. 


They are free to move, and travel in 
random directions and at high speeds. | 


Gases have low densities. 


The higher their kinetic energy, the faster particles move... 


Learn those diagrams above and make sure that you can describe the arrangement and movement 
of particles in solids, liquids and gases — it could earn you a few easy marks in the exam. 
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Density tells you how much mass is packed into a given volume of space. You need to be able to work it 
out, as well as carry out practicals to work out the densities of different solids and liquids. Lucky you. 


Density is a measure of the ‘compactness’ of a substance. It relates the mass of a 
substance to how much space it takes up (i.e. it’s a substance’s mass per unit volume). 


The units of density are kg/m? (the mass is in kg and the volume is in m?). 


Mass (kg) You might also see density 
Density (kg/m?) SS ar aE given in g/cm3, 
Volume (m?) (1 g/cm? = 1000 kg/m?) 


1) The density of an object depends on what it’s made of. 


2) A dense material has its particles packed tightly together. The particles in a less dense material are more 
spread out — if you compressed the material, its particles would move closer together, and it would 
become more dense. (You wouldn’t be changing its mass, but you would be decreasing its volume.) 


3) This means that density varies between different states of matter (see previous page). 
Solids are generally denser than liquids, and gases are usually less dense than liquids. 


Use a balance to measure its mass (see p.182). 


For some solid shapes, you can find the volume using a formula. Make sure you know the formulas 
E.g. the volume of a cube is just width x height x length. for the volumes of basic shapes. 


For a trickier shaped-solid, you can find its volume by submerging it in a eureka can filled 
with water. The water displaced by the object will be transferred to the measuring cylinder: 


measuring 
full eureka cana cylinder 


Record the volume of water in the measuring cylinder. This is the volume of the object. 


Plug the object’s mass and volume into the formula above to find its density. 


Place a measuring cylinder on a balance and zero the balance (see p.182). 


2) Pour 10 ml of the liquid into the measuring cylinder and record the liquid’s mass. 


3) Pour another 10 ml into the measuring cylinder and record the total volume and mass. 
Repeat this process until the measuring cylinder is full. 


4) For each measurement, use the formula to find the density. (Remember that 1 ml = 1 cm’.) 


5) Finally, take an average of your calculated densities 
to get an accurate value for the density of the liquid. 
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Internal Energy and Changes of State 


This page is all about heating things. Take a look at your specific heat capacity notes (p.20) before you start 
— you need to understand it and be able to be able to use AF = mcAé@ for this topic too I’m afraid. 


1) The particles in a system vibrate or move around — ie have energy in their kinetic energy stores. 


2) They also have energy in their potential energy stores due to their positions — don’t worry about this. 


3) The energy stored in a system is stored by its particles (atoms and 


molecules). The internal energy of a system is the total energy 
that its particles have in their kinetic and potential energy stores. 


4) Heating the system transfers energy to its particles 


(they gain energy in their kinetic stores and move ~ ==> 


faster), increasing the internal energy. 


5) This leads to a change in temperature or a change in state. If the 
temperature changes, the size of the change depends on the mass of 


the substance, what it’s made of (its specific heat capacity) and the 
energy input. Make sure you remember all of the stuff on specific 
heat capacity from p.20, particularly how to use the formula. 


6) A change in state occurs if the substance is heated enough — 
the particles will have enough energy in their kinetic energy 


stores to break the bonds holding them together. 


LEE REECE EES aS DL 


1) When you heat a liquid, it boils (or evaporates) and becomes a gas. When you heat 
a solid, it melts and becomes a liquid. These are both changes of state. 


2) The state can also change due to cooling. The particles lose energy and form bonds. 


3) The changes of state are: 


a ae Va Var a Ya Ya Ye Yee 
333300000 
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999999909 
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4) A change of state is a physical change (rather than a chemical change). This means you don’t end 
up with a new substance — it’s the same substance as you started with, just in a different form. 


5) If you reverse a change of state (e.g. freeze a substance that has been melted), the 
substance will return to its original form and get back its original properties. 


6) The number of particles doesn’t change — they’re just arranged differently. 


This means mass is conserved — none of it is lost when the substance changes state. 
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Specific Latent Heat | 


The energy needed to change the state of a substance is called latent heat. This is exciting stuff | tell you... 


Temp 


When a substance is melting or boiling, you're i 


“iy % 
still putting in energy and so increasing the | DOUN Goa.) tome alti Boiling /& 
internal energy, but the energy’s used for breaking | point 
intermolecular bonds rather than raising the |. melting 
temperature. There are flat spots on the heating point 


graph where energy is being transferred by heating | 
not ee eee BEE to enaes the temperature. 
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Temp 


When a substance is condensing or freezing, 
bonds are forming between particles, which 


boilin : 

point R releases energy. This means the internal energy 
te : Freezing <<<—= decreases, but the temperature doesn’t 

Ds ge Re St go down until all the substance has turned to 

pony liquid (condensing) or a solid (freezing). 


is iat pads 5 of the graph show this energy transfer. 
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The energy needed to change the state of a 
substance Is called latent heat. 


1) The specific latent heat (SLH) of a substance is the amount of energy needed to 


change 1 kg of it from one state to another without changing its temperature. 
2) For cooling, specific latent heat is the energy released by a change in state. 


3) Specific latent heat is different for different materials, and for changing between different states. 


4) The specific latent heat for changing between a solid and a liquid (melting or freezing) is called 
the specific latent heat of fusion. The specific latent heat for changing between a liquid and 


a gas (evaporating, boiling or condensing) is called the specific latent heat of vaporisation. 


Don't get confused with 
specific heat capacity 
(p.20), which relates to a 

You can work out the energy needed (or released) when a Mee ee HC 
substance of mass m changes state using this formula: Specific latent heat is about 


changes of state where there's 
Energy (E) = Mass (m) x Specific Latent Heat (L) 


no temperature change. 
Energy is given in joules (J), mass is in kg and SLH is in J/kg. 


EX ANNP LE: The specific latent heat of vaporisation for water (boiling) is 2 260 000 J/kg. 
How much energy is needed to completely boil 1.50 kg of water at 100°C? 


1) Just plug the numbers into the formula. E= mL 
= 1.50 x 2 260 OOO 


2) The units are joules because it’s energy. = 3 390 000) 
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| Particle Motion in Gases 


The particle model helps explain how temperature, pressure, volume and energy in kinetic stores are 


all related. And this page is here to explain it all to you. | bet you’re just itching to find out more... 


1) The particles in a gas are constantly moving with random directions and | 
speeds. If you increase the temperature of a gas, you transfer energy into the | 


kinetic enefgy 8 stores of its eure (see page 17 a more on ee ‘cioaaes 
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2) The temperature of a gas is related to the average energy in the kinetic energy stores | 
of the particles in the gas. The higher the temperature, the hi Isher r the eevee’ energy. 
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3) So as you increase the temperature of a gas, the average speed of its particles increases. 
This is because the prety in nie Hanlicless kinetic energy stores is 2mv? — p.19. | 


AS TEL IERD FBO PENCE SS OS IIE LE LEST TEN EET DEEL NE LEE POEL IS DB LE LE RTE 


1) As gas particles move about at high speeds, they bang into each other and whatever 
else happens to get in the way. When they collide with something, they exert a force 
(and so a pressure — p.100) on it. In a sealed container, the outward gas pressure is the 
total force exerted by all of the particles in the gas on a unit area of the container walls. 


particles collide 
with the container 


: net force at right - 
angles to surface 


2) Faster particles and more frequent collisions both lead to an increase in net force, and so gas pressure. 
3) One way of increasing the speed of the particles is to heat them up. If volume is kept constant, 

then increasing temperature will increase the speed of the particles, and so the pressure. 
4) Alternatively, if temperature is constant, increasing the volume of a gas means the particles 

get more spread out and hit the walls of the container less often. The gas pressure decreases. 


5) Pressure and volume are inversely proportional — at a constant temperature, when volume 
goes up, pressure goes down (and when volume decreases, pressure increases). 


6) Fora gas of fixed mass at a constant temperature, the relationship is: 


3 p = pressure, in pascals (Pa) 
pV = constant sete eae 


Higher temperatures mean higher average energies in kinetic stores... 


The particle model can be used to explain what happens when you change the temperature of a gas which 
is kept at a constant volume. Have a look back on page 63 for more about the particle model. 
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Specific Latent Heat 


The energy needed to change the state of a substance is called latent heat. This is exciting stuff | tell you... 


Temp 


When a substance is melting or boiling, you're i 


wrest Boiling /& 
still putting in energy and so increasing the OWING bs See eee ee 
internal energy, but the energy’s used for breaking | point aS 
intermolecular bonds rather than raising the | melting | | 
temperature. There are flat spots on the heating i point 


graph where energy is being transferred by heating 
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Temp 
When a substance is condensing or freezing, 
bonds are forming between particles, which 
releases energy. This means the internal energy 


boiling 


4 ; 
sa Freezing << decreases, but the temperature doesn’t 
melting Senne oe ae o down until all the substance has turned to 
point BO COND 


liquid (condensing) or a solid (freezing). 
sili Hat parts sof ale agAldo Sigh this Sapte desist 
The energy needed to pba the state of a 
substance Is called latent heat. 


1) The specific latent heat (SLH) of a substance is the amount of energy needed to 
change 1 kg of it from one state to another without changing its temperature. 
2) For cooling, specific latent heat is the energy released by a change in state. 


3) Specific latent heat is different for different materials, and for changing between different states. 
4) The specific latent heat for changing between a solid and a liquid (melting or freezing) is called 


the specific latent heat of fusion. The specific latent heat for changing between a liquid and 
a gas (evaporating, boiling or condensing) is called the specific latent heat of vaporisation. 


Don't get confused with 
specific heat capacity 
(p.20), which relates toa 
temperature rise of 1 °C. 
Specific latent heat is about 
changes of state where there's 


no temperature change. 


You can work out the energy needed (or released) when a 
substance of mass m changes state using this formula: 


Energy (E) = Mass (m) x Specific Latent Heat (L) 


Energy is given in joules (J), mass is in kg and SLH is in J/kg. 


F EXAMPLE: J The specific latent heat of vaporisation for water (boiling) is 2 260 000 J/kg. 


How much energy is needed to completely boil 1.50 kg of water at 100 °C? 


1) Just plug the numbers into the formula. E=mL 
= 1.50 x 2 260 OOO 
2) The units are joules because it’s energy. =3390 000) 
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Particle Motion in Gases 


The particle model helps explain how temperature, pressure, volume and energy in kinetic stores are 
all related. And this page is here to explain it all to you. | bet you're just itching to find out more... 


seomarne 


1) The particles in a gas are constantly moving with random directions and 
speeds. If you increase the temperature of a gas, you transfer energy into the 


kinetic energy stores of its iets oe Pace Lee ie more on festa ete 
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2) The temperature of a gas is related to the average energy in the kinetic energy stores 
of the a) in the gas. The higher the temperature, the bigher 1 bal inane nce n | 
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3) So as you increase the temperature of a gas, the average speed of its particles increases. | 
This is because the energy in the particles’ kinetic energy stores is /2mv? — p.19. 
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1) As gas particles move about at high speeds, they bang into each other and whatever 
else happens to-get in the way. When they collide with something, they exert a force 
(and so a pressure — p.100) on it. In.a sealed container, the outward gas pressure is the 
total force exerted by all of the particles in the gas on a unit area of the container walls. 


particles collide 
with the container 


net force at right 


=> angles to surface 


2) Faster particles and more frequent collisions both lead to an increase in net force, and so gas pressure. 
3) One way of increasing the speed of the particles is to heat them up. If volume is kept constant, 

then increasing temperature will increase the speed of the particles, and so the pressure. 
4) Alternatively, if temperature is constant, increasing the volume of a gas means the particles 

get more spread out and hit the walls of the container less often. The gas pressure decreases. 


5) Pressure and volume are inversely proportional — at a constant temperature, when volume 
goes up, pressure goes down (and when volume decreases, pressure increases). 


6) For a gas of fixed mass at a constant temperature, the relationship is: : 


Ry p= pressure, in pascals (Pa) 
pV = constant Vecwolinie tae 


Higher temperatures mean higher average energies in kinetic stores... 


The particle model can be used to explain what happens when you change the temperature of a gas which 
is kept at a constant volume. Have a look back on page 63 for more about the particle model. 
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Pressure of Gases 


So you've had a whole page on particle motion in gases and even an equation to boot. You’re not done yet 
though. On the bright side, there is mention of balloons on this page, so it’s sort of like a party. 


1) The pressure of a gas causes a net outwards force 
at right angles to the surface of its container. 


RR DO IRE A TT TE PAI TE 


2) There is also a force on the outside of the 
container due to the pressure of the gas around i | 


eee as oS 


3) Ifa container can easily change its size (e.g. a balloon), 
then any change in these pressures will cause the 
container to compress or expand, due to the overall force. 


E.g. if a helium balloon is released, it rises. Atmospheric pressure 
decreases with height (p.102), so the pressure outside the 
balloon decreases. This causes the balloon to expand until the 
pressure inside drops to the same as the atmospheric pressure. 


1) If you transfer energy by applying a force, then 
you do work. Doing work on a gas increases its There's more about doing 


internal energy, which can increase its temperature. work on p.90, 


2) You can do work on a gas mechanically, e.g. with a bike pump. The gas 
applies pressure to the plunger of the pump and so exerts a force on it. 
Work has to be done against this force to push down the plunger. 


3) This transfers energy to the kinetic energy stores of the 
gas particles, increasing the temperature. If the pump is 
connected to a tyre, you should feel the tyre getting warmer. 


= Gases can be compressed or expanded by pressure changes... 


You should be able to explain how, in any given situation (including that example of the bicycle 
a pump above), doing work on a gas that’s enclosed will lead to an increase in temperature of the 
gas. It will help if you really understand work too. Work’s just the transfer of energy by a force. 
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Describe the particles in a liquid in terms of their arrangement, energy and movement. 


What is density a measure of? 

How does cooling a system affect its internal energy? 
What is the specific latent heat of vaporisation? 
What are the units of specific latent heat? 


Describe and explain how the pressure inside and outside a helium balloon 
would change if it was allowed to float up in the atmosphere. 


< 


_| 1.1 Describe the arrangement and movement of the particles in a solid. 
4 Partles Vibrate ,Out Cant prove, Leyare in ated porte 22 at ] 


| If a substance is heated to a certain temperature it can change from a solid to a liquid. 
= 


"| 1.2. Give the name of this process. Melt! VL 4, 
et [1 mark] 
| 13 Ifa liquid is heated to a certain temperature it starts to boil and become a gas. 
Name the other process that causes a liquid to start to become a gas. 


ALO Poa! On [1 mark] 


PRACTICAL : 
2 A student has a collection of metal toy soldiers of different sizes made from the same metal. &3) F, ; 
aes 

2.1. Which of the following statements about the toy soldiers is true? Tick one box. ee 
i 

| The masses and densities of each of the toy soldiers are the same. : i 

| | The masses of each of the toy soldiers are the same, but their densities may vary. ae 

i The densities of each of the toy soldiers are the same, but their masses may vary. ee 


[| The densities and masses of each toy soldier may vary. 
[1 mark] 


The student wants to measure the density of one of the toy soldiers. 
He has a eureka can, a measuring cylinder, a mass balance and some water. 


2.2 State the two quantities the student must measure in order to calculate the density of the toy soldier. 
wast Moss of the wate Using & Mass OXbnce 
te Mud Bree ae eth aetae [2 marks] 
23% Deseri ‘es the steps the student could take @ pa the ae 
mi the sg soldier ie sing the equipment he has. r ney Neeranem lhe Waatdd ae 
a ca itn Ha, Reet oa ~ Phe mel sofone rw Rae ee Achat ck Shalt marks] 
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3.3 


3.4 


Exam Questions 


Grad 
The following question is about specific latent heat. (6.7 ) 


What is the name given to the specific latent heat of a 

substance when it’s changing between a solid and a liquid? 
melting, [1 mark] 

The energy required to convert 40.8 g of liquid methanol to gaseous methanol i is 47.7 J. 

Calculate the specific latent heat of vaporisation of methanol. 

Use the correct equation from the Physics Equation Sheet on the inside back cover. 


Give your answer in J/kg and to 3 significant pee eat O00 = =¢). O5B IF \ 
qi. 720-0 l ps M3 marks] 
The energy used to change liquid methanol to gaseous methanol 
was supplied by heating the system. 
How does the internal energy of the system change as the system is heated? Explain your answer. 


THe (ukteno energy wereaseS [2 marks] 
Explain, using the particle model, what happens when methanol ; 
is heated so that it a toeaetl from a Cee toagas. T+S Mm1Q33 ona der 


decrecse - THS Wternot eee Pordtyeles [2 marks] 
art cnc \ ee ; 


beconr tor Op 
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4.1 


4.2 


4.3 


4.4 


4.5 


ropidly 
The movement of particles in a gas can be described using the particle model. () 


Describe the particles in a gas using the particle model. The Desticles Cureterr Ope 


In your answer, you should refer to the arrangement, energy and movement of the particles. 
Td Ore not t Garounged IN AFiyed postion. The Move 73 marks] 
TAPIA CUAd pve 0 M0 ce. Ader hee 
A scientist 1s calculating the density of a gas in a sealed, rigid container: 
Use the particle model to explain how gas particles create pressure in a sealed container. 
[2 marks] 
State the equation that links density with mass and volume. 


Dea ae (2 3 [1 mark] 
, 6 69 gf 


A certain gas had a mass of 8.2 g and a volume of 6.69 cm’. 
Calculate the density of the gas. 
Give your answer to an appropriate number of significant figures. 


[4 marks] 
The scientist heats the container. 
What happens to the pressure of the gas within the container? 
Explain your answer using the particle model. 

[3 marks] 


A student is doing an investigation into the masses of different materials of different densities. __ 
A cube has edges of length 1.5 cm and a density of 3500 kg/m’. 


Calculate the mass of the cube. = SE7- Si 
ED<|-5 xl-5 ~— 3-3/0 nei BIO at a [5 marks] 


A sealed balloon contains 0.034 m’ of gas at a pressure of 98 kPa. ‘ 
The balloon is compressed to 0.031 m?. The temperature of the air inside it remains constant. 7-9 
Calculate the air pressure inside the balloon after the compression. 


99q@0Iax 0-03 =O Po 


[3 marks] 
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Revision Summary for Topic 3 


Don’t let all that stuff about gas pressures in Topic 3 put too much pressure on you. Try these questions to 
see whether you've really got to grips with all of that stuff about states of matter and the particle model. 

e Try these questions and tick off each one when you get it right. | 

e When you've done all the questions under a heading, and are completely happy with it, tick it off. 


Particle Model (p.63) [ | 


1) What are the three states of matter? 


aie 


2) For each state of matter, describe the arrangement and movement of the particles. 


Density (p.64) [. ] 


3) What is the formula for density? [ 
4) Give an example of the possible units of density. J 
5) Describe how you could find the volume of an irregular solid object. LJ 
6) Briefly describe an experiment to find the density of a liquid. LJ 


Internal Energy and Changes of State (p.65) [. | 

7) What is internal energy? 

8) What happens to the particles in a substance when that substance is heated? 
9) Name the six changes of state. 

10) Is a change of state a physical change or a chemical change? 


SANA 


11) True or false? Mass stays the same when a substance changes state. 


Specific Latent Heat (p.66) [. | 


12) Explain the cause of the flat sections on a graph of temperature 
against time for a substance being heated. 


13) Sketch a graph of temperature against time for a gas being cooled. Your graph should 
show the points that the gas turns into a liquid and that the liquid turns into a solid. 


14) Define specific latent heat. 


AAS WW 


15) What is meant by the term ‘specific heat of fusion’? 


Particle Motion in Gases (p.67) [. | 
16) Explain how a gas in a sealed container exerts a pressure on the walls of the container. 
17) A sealed container of gas is kept at a constant temperature. 
The volume of the container is increased. What happens to the pressure of the gas? Explain why. 
18) For a fixed mass of gas at a constant temperature, 
what is the relationship between pressure and volume? 
_ 19) True or false? For a gas at constant temperature, increasing the volume of the gas 
will also increase its pressure. 


mi isi(S).. (N 


* 


Pressure in Gases (p.68) [. | 


20) A balloon containing a fixed mass of helium gas is moved from an 
_ area of high atmospheric pressure to one of low atmospheric pressure. , 
OF What will happen to the volume of helium in the balloon? v] 


’ 21) Explain why blowing up a football with a pump causes the ball to warm up. 
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Developing the Model of the Atom 


All this started with a Greek chap called Democritus in the 5" Century BC. He thought that all matter, 
whatever it was, was made up of identical lumps called “atomos”. And that's as far as it got until the 1800s.. 


1) In 1804 John Dalton agreed with Democritus that matter was made up 
of tiny spheres (“atoms”) that couldn’t be broken up, but he reckoned 
that each element was made up of a different type of “atom”. 


stern EE ERSTE, 2S SIRENS | TO PE SS IOI EEN TOE 


2) Nearly 100 years later, J. J. Thomson discovered particles called electrons that could 
be removed from atoms. So Dalton’s theory wasn’t quite right (atoms could be broken 
up). Thomson suggested that atoms were spheres of positive charge with tiny negative 
electrons stuck in them like the fruit in a plum pudding — the plum pudding model. 


fo SS PRP RE EE EIT TRE LEPTIN ERS OTE IE 


3) That “plum pudding” theory didn’t last though... In 1909, scientists in Rutherford’s 
lab tried firing a beam of alpha particles (see p.75) at thin gold foil — this was the 
alpha scattering experiment. From the plum pudding model, they expected the 
particles to pass straight through the gold sheet, or only be slightly deflected. 


gold foil 


4) But although most of the particles did go straight 
through the sheet, some were deflected more 
than they had expected, and a few were deflected 
back the way they had come — something 


the plum pudding model couldn’t explain. 


alpha 
source 


path of a 
particle detector 


5) Because a few alpha particles were deflected 
back, the scientists realised that most of 


the mass of the atom was concentrated at ff B < 
the centre in a tiny nucleus. This nucleus beam of nucleus 
must also have a positive charge, since alpha particles 


it repelled the positive alpha particles. 


6) They also realised that because nearly all the alpha particles passed straight through, 
most of an atom is just empty space. This was the first nuclear model of the atom. 


—— 


= The gold foil experiment helped adapt the model of the atom... 
oe 


Rutherford and his lab of scientists made a hypothesis, did an investigation and then analysed the 
data they got from it. By doing this, they showed that the plum pudding model of the atom must be 


wrong, so it was changed. This is a great example of the scientific method (see page 1) in action. 
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Developing the Model of the Atom 


Rutherford and Marsden’s model of the atom was a big leap forwards, but that’s not the end of the story... 


1) The nuclear model that resulted from the ae ae 
scattering experiment was a positively charged nucleus Bohr’s model of the atom: 
surrounded by a cloud of negative electrons. 


nucleus energy 
2) Niels Bohr said that electrons orbiting the nucleus do so level 


at certain distances called energy levels. His theoretical => 
calculations agreed with experimental data. 


PST AREROUE IONE ENA CLO 


3) Evidence from further experiments changed the model i 
to have a nucleus made up of a group of particles \ 


(protons) which all had the same positive charge that Le eee EES | | 
added up to the overall charge of the nucleus. ace 


4) About 20 years after the idea of a nucleus was accepted, in 1932, James Chadwick proved the existence 
of the neutron, which explained the imbalance between the atomic and mass numbers (see next page). 


-@. gil The nucleus is tiny but it makes up most of the mass of the atom. 
ss It contains protons (which are positively charged — they have a 
+1 relative charge) and neutrons (which are neutral, with a relative 
charge of 0) — which gives it an overall positive charge. 
Its radius is about 10 000 times smaller than the radius of the atom. 


: p> The rest of the atom is mostly empty space. 
‘s : 


foe a 


aE es 


Negative electrons (which have a relative charge of —-1) whizz 
round the outside of the nucleus really fast. They give the atom 
its overall size — the radius of an atom is about 1_ x 107° m. 


We're currently pretty happy with this model, but there’s no saying it won’t change. Just like for the plum 
pudding model, new experiments sometimes mean we have to change or completely get rid of current models. 


1) In atoms, the number of protons = the number of electrons, as protons and electrons 
have an equal but opposite charge and atoms have no overall charge. 
2) Electrons in energy levels can move within (or sometimes leave) the atom. If they 


by absorbing EM radiation (p.136) they move to a higher energy level, further from the nucleus. 
If they release EM radiation, they move to a lower energy level that is closer to the nucleus. 


If one or more outer electrons leaves the atom, the atom becomes a positively charged ion. 


eS The model of the atom has developed over time... 


Due to lots of scientists doing lots of experiments, we now have a better idea of what the atom’s 


really like. We now know about the particles in atoms — protons, neutrons and electrons. 
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Isotopes 


Isotopes of an element look pretty similar, but watch out — they have different numbers of neutrons. 


1) All atoms of each element have a set number of protons (so each nucleus has a given 
positive charge). The number of protons in an atom is its atomic number. 


2) The mass number of an atom (the mass of the nucleus) is the 
number of protons + the number of neutrons in its nucleus. 


Example: A certain oxygen atom has the chemical symbol — ROE 


M b 
BS Ty ea oe element symbol (oxygen) 
Atomic cambereaer 


e Oxygen has an atomic number of 8, this means all oxygen atoms have 8 protons. 


e This atom of oxygen has a mass number of 16. 
Since it has 8 protons, it must have 16 — 8 = 8 neutrons. 


1) Isotopes of an element are 
atoms with the same number 
of protons (the same atomic 
number, and so the same 
charge on the nucleus) but a 


different number of neutrons one par 
(a different mass number). ~ neutron” 


FSS IS AT YATE ETE SEI OE EEL EE EEE SAE RIS 


2) All elements have different isotopes, but there are usually only one or two stable ones. | 


3) The other unstable isotopes tend to decay into other elements and give out radiation 
as they try to become more stable. This process is called radioactive decay. 


oi _— 
= ; 


4) Radioactive substances spit out one or more types of ionising radiation from their nucleus 
— the ones you need to know are alpha, beta and gamma radiation (see next page). 


6) They can also release neutrons (n) when they decay. 


7) lonising radiation is radiation that knocks electrons off atoms, Creating positive ions. — 
The ionising power o* a radiation source is how easily it can do this. ts 
| aie tts 


od a) aM les p s Hs. 
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lonising Radiation 


There are three types of ionising radiation you need to know about — these are alpha, beta and gamma. 


1) Alpha radiation is when an alpha particle (aq) is 
emitted from the nucleus. An @-particle is two 
neutrons and two protons (like a helium nucleus). 


> $= alpha particle 


——> emitted electron 


i) 


) They don’t penetrate very far into materials and 
are stopped quickly — they can only travel a few 


cm in air and are absorbed by a sheet of paper. ee 


when they collide into them 


ie) 


) Because of their size they are strongly ionising. (they knock electrons off them) 


as 


) Alpha radiation has applications in the home: 


Alpha radiation is used in smoke detectors — it ionises air particles, ml 
causing a current to flow. Ifthere is smoke in the air, it binds tothe =~ > 
ions — meaning the current stops and the alarm sounds. 


emitted electron 


— 


) A beta particle (B) is simply a fast-moving electron released by the nucleus. 
Beta particles have virtually no mass and a charge of —1. 


2) They are moderately ionising (see right). 


) They also penetrate moderately far into materials before 
colliding and have a range in air of a few metres. They 
are absorbed by a sheet of aluminium (around 5 mm thick). 


WwW 


4) For every beta particle emitted, a neutron in the 
nucleus has turned into a proton. beta particle 


O1 


) Beta radiation can be useful due to the fact that it’s moderately penetrating: 


" Beta emitters are used to test the t hickness of sheets of metal, as the particles are not immediately 
absorbed by the material like alpha radiation would be and do not penetrate as far as gamma rays. 


h _ Therefore, slight variations in thickness affect the amount of radiation aap bigs the ese 


gamma_fray 


1) Gamma rays (y) are waves of electromagnetic 
radiation (p.136) released by the nucleus. 


) They penetrate far into materials without being 
stopped and will travel a long distance through air. 


Uses of gamma rays are 


on p.83 and p.139. 


i) 


3) This means they are weakly ionising because they tend to pass through rather 
than collide with atoms. Eventually they hit something and do damage.» 


BS 


) They can be absorbed by thick sheets of lead or metres of concrete. 


Alpha particles are more ionising than beta particles... 


..and beta particles are more ionising than gamma rays. Make sure you've got that clearly memorised, as 
well as what makes up each type of radiation, as this isn’t the last you'll see of this stuff. No siree. 
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Nuclear Equations 


Nuclear equations show radioactive decay and once you get the hang of them they're dead easy. Get going. 


1) Nuclear equations are a way of showing radioactive decay by using element symbols (p.74). 
They’re written in the form: atom before decay — atom(s) after decay + radiation emitted. 


2) There is one golden rule to remember: the total mass and atomic numbers must be equal on both sides. 


1) Remember, alpha particles are made up of two protons and two neutrons. So when an atom 
emits an alpha particle, its atomic number reduces by 2 and its mass number reduces by 4. 


2) A proton is positively charged and a neutron is neutral, so the charge of the nucleus decreases. 
3) In nuclear equations, an alpha particle can be written as a helium nucleus: He. 


ey alpha particle 
alpha decay eae e 
b eee yc Gamma rays are sometimes 
=> also released when a nucleus 


. decays by alph 
Uranium-238 Thorium-234 Y alpna or beta decay. 


238 234 4 238 > 234+4 
ow ae eli a Anke 92 = 90 +2 


The nuclear equation 
for this decay would be: 


ET 


1) When beta decay occurs, a neutron in the nucleus turns into a proton 
and releases a fast-moving electron (the beta particle). 


2) The number of protons in the nucleus has increased by 1. 

This increases the positive charge of the nucleus (the atomic number). 
3) Because the nucleus has lost a neutron and gained a proton during beta decay, 

the mass of the nucleus doesn’t change (protons and neutrons have the same mass). 
4) A beta particle is written as %e in nuclear equations. 


“8 beta decay 
— EP Sap EE particle In both alpha and beta 
Carbon-14 Nitrogen-14 O emissions, a new element 


will be formed, as the 
number of protons (atomic 


The nuclear equation 14 14 ) {hres Ae) number) changes. 
for this decay would be: ne Bry “N 1 _4f 6 > 7+ (-1) 


1) Gamma rays are a way of getting rid of excess energy from a nucleus. 
2) This means that there is no change to the atomic mass or atomic number of the atom. 


3) In nuclear equations, gamma radiation is written as y?. 
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Half-Life 


How quickly unstable nuclei decay is measured using activity and half-life — two very important terms. 


1) Radioactive substances give out radiation from the nuclei of their atoms — no matter what. 
2) This radiation can be measured with a Geiger-Muller tube and counter, which 
records the count-rate — the number of radiation counts reaching it per second. 
3) Radioactive decay is entirely random. So you can’t predict exactly which 
nucleus in a sample will decay next, or when any one of them will decay. 
4) But you can find out the time it takes for the amount of radiation emitted by 
a source to halve, this is known as the half-life. It can be used to make 
predictions about radioactive sources, even though their decays are random. 


5) Half-life can be used to find the rate at which a source decays — its ACTIVITY. 
Activity is measured in becquerels, Bg (where 1 Bq is 1 decay per second). 


1) Each time a radioactive nucleus decays to become a stable nucleus, the 
activity as a whole will decrease. (Older sources emit less radiation.) 


2) For some isotopes it takes just a few hours before nearly all the 
unstable nuclei have decayed, whilst others last for millions of years. 


3) The problem with trying to measure this is that the activity never reaches zero, which is 
why we have to use the idea of half-life to measure how quickly the activity drops off. 


The half-life is the time taken for the number of radioactive nuclei in an isotope to halve. 


4) Half-life can also be described as the time taken for the activity, and so count-rate, to halve. 


5) A short half-life means the activity falls quickly, because the nuclei are very unstable 
and rapidly decay. Sources with a short half-life can be dangerous because of the 
high amount of radiation they emit at the start, but they quickly become safe. 


6) A long half-life means the activity falls more slowly because most of the nuclei don’t decay 
for a long time — the source just sits there, releasing small amounts of radiation for a long time. 
This can be dangerous because nearby areas are exposed to radiation for (millions of) years. 


Different substances have different half-lives... 
Some substances take a long time to decay, giving them a long half-life, while others decay in the blink of 
_aneye. For example, neodymium-144 has a half-life of 2 million billion years, while helium-5 has a 

_ half-life of 7.6 x 10? seconds. That’s 0.00000000000000000000076 seconds. Pretty speedy eh? 
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You learnt all about what half-life is on the last page, but now it's time to find out how to calculate it. 
Fortunately, there’s a pretty simple method you can use that involves an activity-time graph. 


You might be asked to give the decline of activity or count-rate after a 


certain number of half-lives as a percentage of the original activity, like this: 


PEXANAPLE: | The initial activity of a sample is 640 Bq. Calculate the final 


activity as a percentage of the initial activity after two half-lives. 
Always double 


1) Find the activity after each half-life. 1 half-life: 640 + 2 = 320 checleaiab ane 
2) Now divide the final activity by the 2 half-lives: 320 + 2 = 160 Rain) is asking 
initial activity, then multiply by 100 to (160 + 640) x 100 or = It may want 
make it a percentage. = 0.25 x 100 a fraction, ratio or 
=I 5%, a percentage. 


1) If you plot a graph of activity against time (taking into account 
background radiation, p.81), it will always be shaped like the one below. 


2) The half-life is found from the graph by finding the time interval on the 
bottom axis corresponding to a halving of the activity on the vertical axis. Easy. 


EXAMPLE: | The activity of a sample of a radioactive material, X, is shown 


on the graph below. Calculate the half-life of material X. 


1) Read the initial activity —__. 
off the graph. This is the 
activity when time = 0. 


2) Divide the initial activity 
by 2 to find the value of 
half the initial activity. 


80 +2 =40 
3) Find this value on the 


y-axis and read along 
horizontally to the curve. 


Activity in Bequerels 


4) Then read down from the : 
curve at this point to find the half-life. —— 


Time in hours 


So the half-life of the sample is 4 hours. 


Make sure you can use graphs like the one above to work out half-lives. All you've got to do 
is read off the initial activity from the y-axis, then work out what half this activity would be by 
dividing by two. Then, just read off the time from the x-axis for this value, which is one half-life. 


ge You can determine half-lives from graphs... 
a 
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some ae ame in | your exams oT mo seg’ them inside-out. 
ju just how great your understanding of atoms and radiation really is... 


) Describe our current, nuclear model of the atom. 
2) Give the definition of the term ‘isotope’. 
3) Which are the most ionising — alpha particles or gamma rays? 
4) Outline why beta emitters, rather than alpha or gamma emitters, 


are used to test the thickness of sheets of metal. 
5) Name the type of nuclear radiation, the particles of which are electrons. 
6) Name the type of nuclear radiation that is an electromagnetic wave. 
Radioactive substances with short half-lives can be initially very dangerous. Explain why. 


RE 8 f ; 
21 el ea TS ae ea le See Ae Le aR ee 
‘y Pris ¥ gle Ae 0 %e ay — 
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Alpha, beta and gamma radiation sources were used to direct radiation at thin 
sheets of paper and aluminium. A detector was used to measure where radiation (4 
had passed through the sheets. The results are shown in Figure 1. 


Figure 1 
radioactive sources paper aluminium 


radiation 
—---------~--------------} ------} ------- > detected 


detected 


Rate xia oie SSAC O SRO QoS TCOUOoD 20 ao. JO OOEO..6 hp ciel Kcho Gccko.cOeee > not 


detected 


Name the type of radiation that source C emits. Explain your answer. 
[2 marks] 

1.2 Give one example of a detector that could have been used to detect the radiation. 

[1 mark] 


Grade’ 


A sample of a highly ionising radioactive gas has a half-life of two minutes. ‘f. 7 


Define what is meant by the term ‘half-life’. 
’ -s [1 mark] 
The sample contains a number of unstable nuclei. 


Calculate the fraction of these nuclei that will be present after four minutes. 


Exam Questions 


A radioactive isotope sample has a half-life of 40 seconds. 
The initial activity of the sample is 8000 Bq. 


Calculate the activity after 2 minutes. Give your answer in becquerels. 

[2 marks] 
After how many half-lives will the activity have fallen to 250 Bq? 

[2 marks] 


The radioactive source is left until its activity falls to 100 Bq. 
Calculate the final activity as a percentage of the initial activity. 


[2 marks] 


Table 1 contains information &3) Table 1 


about three atoms. a ee 


Name the two types of particle that 
the nucleus of an atom contains. 


[2 marks] 
Define the term ‘mass number’ in the context of atoms. 
[1 mark] 
Which of the two atoms in Table 1 are isotopes of the same element? Explain your answer. 
[2 marks] 
Alpha and beta particles are deflected in electric fields. 


Suggest why alpha and beta particles are deflected in opposite directions. 
[1 mark] 


Nuclear equations show what is produced when unstable nuclei decay. 7.9 


Draw a symbol that can be used to represent a beta particle in a nuclear equation. 


[1 mark] 
Describe what happens to the atomic number and the mass number 
of an atom when it undergoes beta decay. 
[2 marks] 


Describe what happens to the atomic number and the mass number 
of an atom when it undergoes gamma decay. 


[2 marks] 
Complete the nuclear equation, shown in Figure 2, which shows 
a polonium isotope decaying by alpha emission. 


[3 marks] 
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Background Radiation | 


Forget love — radiation is all around. Don’t panic too much though, it’s usually a pretty small amount. 


Background radiation is the low-level radiation that’s around us all the time. You should always measure 
and subtract the background radiation from your results (to avoid systematic errors, p.7). It comes from: 


1) Radioactivity of naturally occurring unstable isotopes . | 


which are all around us — in the air, in food, in 
building materials and in the rocks under our feet. | 


2) Radiation from space, which is known as cosmic rays. 
These come mostly from the Sun. Luckily, the Earth’s 
atmosphere protects us from much of this radiation. 


_ 3) Radiation due to human activity, e.g. fallout from nuclear ee ee, Ae 
_ explosions or nuclear waste. But this represents a tiny _ Coloured bits indicate more 
proportion of the total background radiation. radiation from rocks 


The radiation dose tells you the risk of harm to body tissues due to exposure to radiation. 
It’s measured in sieverts (Sv) (p.140). The dose from background radiation is small, 

so millisieverts are often used to measure it (I Sv = 1000 mSv). Your radiation dose is 
affected by where you live and whether you have a job that involves radiation. 

Other factors, such as having x-rays taken, also affect your radiation dose (see p.139). 


| 

1) Objects near a radioactive source are irradiated by it. | 
This simply means they’re exposed to it (we’re always 

being irradiated by background radiation sources). 


See page 83 for the dangers of being 
exposed to radiation. 


2) Irradiating something does not make it radioactive. 


3) Keeping sources in lead-lined boxes, standing behind barriers or 
being in a different room and using remote-controlled arms when 
working with radioactive sources are all ways of reducing irradiation. . 


Your exposure to background radiation depends on where you live... 


Background radiation comes from many sources, from food and drink to cosmic rays, but mostly it comes 
from the ground and is given out by certain rocks, like granite. That’s why some parts of the UK have higher 
levels of background radiation than others. Areas like Cornwall and Devon, where there's lots of granite, 
have higher background radiation levels than is average for the UK. But they do have lovely beaches. 
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Radioactive contamination is pretty dangerous — it comes about from touching and handling radioactive 
substances. Fortunately, there are some simple steps you can take to keep yourself safe from contamination. 


1) If unwanted radioactive atoms get onto or into an object, the object is said to be contaminated. 
E.g. if you touch a radioactive source without wearing gloves, your hands would be contaminated. 


a A EO 


ae 


2) These contaminating atoms might then decay, releasing radiation which could cause you harm. | 
3) Contamination is especially dangerous because radioactive particles could get inside your body. | 


4) Gloves and tongs should be used when handling sources, to avoid 
particles getting stuck to your skin or under your nails. Some industrial 
workers wear protective suits to stop them breathing in particles. 


is Te 


Contamination or irradiation can cause different amounts of harm, based on the radiation type. 


1) Outside the body, beta and gamma sources are the most dangerous. This 
is because beta and gamma can penetrate the body and get to delicate 
organs. Alpha is less dangerous because it can’t penetrate the skin and is 
easily blocked by a small air gap (p.75). High levels of irradiation from all 
sources are dangerous, but especially from ones that emit beta and gamma. 


2) Inside the body, alpha sources are the most dangerous, because they do all their 
damage in a very localised area. So contamination, rather than irradiation, is the 
major concern when working with alpha sources. Beta sources are less damaging 
inside the body, as radiation is absorbed over a wider area, and some passes out 
of the body altogether. Gamma sources are the least dangerous inside the body, 

as they mostly pass straight out — they have the lowest ionising power, p.75. 


The more we understand how different types of radiation affects our bodies, the better 
we can protect ourselves when using them. This is why it’s so important that research 
about this is published. The data is peer-reviewed (see page 1) and can quickly become 
accepted, leading to many improvements in our use of radioactive sources. } 


Alpha sources are the most dangerous inside the body 


Alpha sources are the most ionising (see page 75), so if they get into the body, they can wreak havoc. 
Beta and gamma sources however are the most dangerous outside the body. This is because they are more 
penetrating than alpha sources (see page 75), so can get through the skin and cause damage to cells. 
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Uses and Risks of Radiation 


Radiation can be pretty useful. We use it in our homes, in industry and in medicine. But it’s not 
without its dangers. Using radiation is all about reducing the risks whilst still keeping the benefits. 


1) 


i y, Sea 


Certain radioactive isotopes can be injected into people 


(or they can just swallow them) and their progress lodine-123 
around the body can be followed using an external collecting in Gamma rays | 
detector. A computer converts the reading to a display the thyroid SS 
showing where the strongest reading is coming from. gland. 
One example is the use of iodine-123, which is absorbed by Radiation detector 


the thyroid gland (just like normal iodine-127), but it gives out 
radiation which can be detected to indicate whether the thyroid gland is taking in iodine as it should. 


Isotopes which are taken into the body like this are usually gamma emitters (never alpha emitters), 
so that the radiation passes out of the body without causing much ionisation. 
They should have a short half-life so that the radioactivity inside the patient quickly disappears. 


Since high doses of ionising radiation will kill all living cells (see below) it can be used to treat cancers. 


Gamma rays are directed carefully and at just the right dosage to kill the 
cancer cells without damaging too many normal cells. Radiation-emitting 
implants (usually beta-emitters) can also be put next to or inside tumours. 


However, a fair bit of damage is inevitably done to normal cells, which makes the patient feel very ill. 
But if the cancer is successfully killed off in the end, then it’s worth it. 


Radiation can enter living cells and ionise atoms and @B 
molecules within them. This can lead to tissue damage. @B low dose Pgs 


Lower doses tend to cause minor damage without i. 

killing the cells. This can give rise to mutant cells Ss 

which divide uncontrollably. This is cancer. wv 
& 


Higher doses tend to kill cells completely, causing 
radiation sickness (leading to vomiting, tiredness 


and hair loss) if a lot of cells all get blasted at once. 


mutated cell 


dead cell 


e For every situation, it’s worth considering both the benefits and risks of using radioactive materials. 
e For example, tracers can be used to diagnose life-threatening conditions, 


while the risk of cancer from one use of a tracer is very small.” 


¢ Whilst prolonged exposure to radiation poses future risks (see p.140 for comparing the risks from 


different medical procedures) and causes many side effects, many people with cancer choose to 
have radiotherapy as it may get rid of their cancer entirely. For them, the benefits outweigh the risks. 


e Perceived risk is how risky a person thinks something is. It’s not the same as the actual risk of a 


procedure and the perceived risk can vary from person to person. See page 4 for more on this. 
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Nuclear Fission and Fusion 


Splitting up atoms releases lots of useful energy, but it can have explosive consequences. 


Nuclear fission is a type of nuclear reaction that is used to release energy from large and 
unstable atoms (e.g. uranium or plutonium) by splitting them into smaller atoms. 


1) Spontaneous (unforced) fission rarely happens. You may have to draw or complete 
Usually, the nucleus has to absorb a neutron before it will split. a diagram to show a chain reaction 


in the exam, so make sure you're 
happy with fission reactions. 


2) When the atom splits it forms two new lighter elements that are roughly 
the same size (and that have some energy in their kinetic energy stores). 


3) Two or three neutrons are also released when an atom splits. If any of these neutrons are moving slow 
enough to be absorbed by another nucleus, they can cause more fission to occur. This is a chain reaction 


4) The energy not transferred to the kinetic energy stores of the products is carried away by gamma rays. 


5) The energy carried away by the gamma rays, and in the kinetic energy stores of the remaining free neutrons 
and other decay products, can be used to heat water, making steam to turn turbines and generators. 


6) The amount of energy produced by fission in a nuclear reactor is controlled by changing how quickly the 
chain reaction can occur. This is done using control rods which, when lowered and raised inside a nuclear 
reactor, absorb neutrons. This slows down the chain reaction and controls the amount of energy released. 


7) Uncontrolled chain reactions quickly lead to lots of energy being 
released as an explosion — this is how nuclear weapons work. 


1) Nuclear fusion is the opposite of nuclear fission. 


2) In nuclear fusion, two light nuclei collide at high speed and join (fuse) to create a larger, 
heavier nucleus. For example, hydrogen nuclei can fuse to produce a helium nucleus. 


3) This heavier nucleus does not have as much mass as the two 
separate, light nuclei did. Some of the mass of the lighter 
nuclei is converted to energy (don’t panic, you don’t need 
to know how). This energy is then released as radiation. 

4) Fusion releases a | 


(more than fission for a given mass of fuel). 
— 


5) So far, scientists haven't found a way of using fusion 
to generate energy for us to use. The temperatures 
and pressures needed for fusion are so high that fusion 
reactors are really hard and expensive to build. 

a, 
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Warm-Up Exam Questions 


has pros and cons, and one of its downsides is that you need to know about it for your exam. 
go at the practice exam questions below to see if you're radiating radiation knowledge. 


La 


Give three sources of background radiation. 
What is the difference between radioactive contamination and irradiation? 


) 
) 
3) Describe two precautions that should be taken when working with radioactive sources in a lab. 
) Why is nuclear radiation dangerous? 

) 


Why is contamination by an alpha source more dangerous to humans than irradiation by an 
alpha source? 


What is likely to happen to-cells if they receive a high dose of nuclear radiation? 
[1 mark] 


1.2 Scientists have carried out research into the dangers of nuclear radiation. 
Suggest one reason why it is important that the data from research is peer-reviewed. 


Grade\\ 


2 Nuclear reactors often use uranium-235. (§..7 


[1 mark] 


Describe how a chain reaction is set up in a nuclear reactor. 


In a nuclear reactor, control rods are used to control the reaction. 
What could happen if the nuclear reaction is not controlled? 


3 : : oo : ae (Grad 
Iodine-123 is a radioactive isotope, commonly used as a tracer in medicine. 


3.1. Describe how iodine-123 can be used to detect whether the thyroid 
gland is absorbing iodine as it normally should do. 


Table 1 shows the properties of three other radioisotopes. 


Table 1 


3.2 State which of these would be best to use as a medical tracer. Explain your answer. 


cobalt-60 
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Revision Summary for Topic 4 


Well, that’s the end of Topic 4 — hopefully it wasn’t too painful. Time to see how much you've absorbed. 


e Try these questions and tick off each one when you get it right. 
¢ When you've done all the questions under a heading, and are completely happy with it, tick it off. 


The Atomic Model (p.72-74) [] 


1) Briefly describe how the model of an atom has changed over time. 
2) Who provided evidence to suggest the existence of the neutron? 

3) Draw a sketch to show our currently accepted model of the atom. 
4) True or false? Atoms have no overall charge. 

5 


Which number defines what element an atom is: the atomic number or the mass number? 


o>) 


What is the atomic number of an atom? 


N 


ES] ES) BS[ES [ES [ES] ES ES 


) 
) 
) 
) 
) What happens to an atom if it loses one or more of its outer electrons? 
) 
) 
) 


8) True or false? Isotopes have different mass numbers. 

Nuclear Decay and Half-life (p.75-78) [| 

9) What is radioactive decay? 
0) Name four things that may be emitted during radioactive decay. 
1) For alpha, beta and gamma radiation, give: a) their ionising power, _ b) their range in air. 
2) Explain why alpha radiation could not be used to check the thickness of metal sheets. 


3) How could you represent alpha radiation in nuclear equations? 


5) Name a piece of equipment that could be used to measure radiation. 
6) What is the activity of a source? What are its units? 


) 
) 
) 
) 
14) What type of nuclear decay doesn’t change the mass or charge of the nucleus? 
) 
) 
7) Explain the dangers of a radioactive source with a long half-life. 
) 


OOOboooooo 


8) Explain how you would find the half-life of a source, given a graph of its activity over time. 


Dangers and Uses of Radiation (p.81-83) [. |] 
19) Define radiation dose. L 
Q) State two aspects of your lifestyle that can affect your radiation dose. LJ 
21) Define irradiation and contamination. | LC] 
22) Compare the hazards of being irradiated by an alpha source and a gamma source. nal + . | ; LJ 
23) Give two ways that radiation is used in medicine. | 
) 


24) Describe some of the risks involved with using radiation. 


% 


Fission and Fusion (p. em) [Vv] 
25) Define fission and fusion. oe ee 


26) True or false? Fectontianictll tonenanacdl = mat 
27) Describe what a chai Bactiogdes_—_|_ VAD WI 
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Contact and Non-Contact Forces 


Just like sports, forces are either contact or non-contact and involve lots of interaction. 


1) Force is a vector quantity — vector quantities have a magnitude and a direction. 
2) Lots of physical quantities are vector quantities: 


Vector quantities: force, velocity, ESSE sec Sleuth momentum, etc. 


EOI ASE SILER GOOG AE PE OLED LTE ICL SB EEO BARDOT LTE SEINE 


EAE TITS LN EIN TCE “a8 


3) Some SRysical quantities only have aerial and no Sreaaune 
These are called scalar quantities: 


Scalar oe erent: eistanceat mass, bas BRE, time, etc. 
4) Vectors are rai peotere eh cone an arrow — the het — the arrow eae the magnitude, 
and the direction of the arrow shows the direction of the quantity. 


Velocity is a vector, but speed is a scalar quantity. 
Both bikes are travelling at the same speed, v 
(the length of each arrow is the same). 
They have different velocities because 
they are travelling in different directions. 


1) A force is a push or a pull on an object that is caused by it interacting with something. 
2) All forces are either contact or non-contact forces. 


3) When two objects have to be touching for a force to act, that force is called a contact force. 


1 
E.g. friction, air resistance, tension in ropes, normal contact force, etc. | 


Fe SRI: RPI AAEM BON OIC TRE 


4) If the objects do not need to be touching for the force to act, the force is a non-contact force. 


E.g. magnetic force, gravitational force, electrostatic force, etc. 


5) When two objects interact, there is a force produced on both objects. 


An interaction pair is a pair of forces that are equal and opposite and act on two interacting objects. 
(This is basically Newton’s Third Law — see p.112.) 


The Sun and the Earth are attracted to A chair exerts a force 


each other by the gravitational force. on the ground, whilst 
This is a non-contact force. the ground pushes back 


An equal but opposite force of attraction at the chair with the . 
is felt by both the Sun and the Earth. same force (the normal 


The Sun is attracted contact force). m 5 > Ground pushes 


on chair 


to the Earth De Equal but opposite forces 
7 et are felt by both the chair — 


ae elie J and the ground. | Chair ernT 


attracted to the Sun on ground 
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Weight, Mass and Gravity 


Gravity might seem like a rather heavy subject to tackle only a page into the topic, but you might end up 
finding it quite attractive. It’s pretty important stuff, so make sure you understand it. 


See 


Gravity attracts all masses, but you only notice it when one of the masses is really really big, 
e.g. a planet. Anything near a planet or star is attracted to it very strongly. 


This has two important effects: 


1) On the surface of a planet, it makes all things fall towards the ground. | 


ot ion NP GN I RE OTT DET IT BR ONE ENS LSP ES LORELEI 


2) It gives everything a weight. | 


sacwe mance! 


1) Mass is just the amount of ‘stuff’ in an object. For any given 
object this will have the same value anywhere in the universe. 


2) Weight is the force acting on an object due to gravity (the pull of the gravitational force on 
the object). Close to Earth, this force is caused by the gravitational field around the Earth. 


3) Gravitational field strength varies with location. It’s stronger the closer 
you are to the mass causing the field, and stronger for larger masses. 


4) The weight of an object depends on the strength of the gravitational field at the location 
of the object. This means that the weight of an object changes with its location. 


5) For example, an object has the same mass whether it’s on Earth or on the Moon — but its weight 
will be different. A 1 kg mass will weigh less on the Moon (about 1.6 N) than it does on Earth 
(about 9.8 N), simply because the gravitational field strength on the surface of the Moon is less. 


6) Weight is a force measured in newtons. You can think of the force as 
acting from a single point on the object, called its centre of mass 
(a point at which you assume the whole mass is concentrated). 
For a uniform object (one that’s the same density, p.64, throughout 
and is a regular shape), this will be at the centre of the object. ——=—==——> 


7) Weight is measured using a calibrated spring balance (or newtonmeter). 


centre of mass 


weight 
8) Mass is not a force. It’s measured in kilograms with a 
mass balance (an old-fashioned pair of balancing scales). 


1) You can calculate the weight of an object if you know its mass (m) 
and the strength of the gravitational field that it is in (g): 


Weight (N) = Mass (kg) x Gravitational Field Strength (N/kg) 


2) For Earth, g = 9.8 N/kg and for the Moon it’s around 1.6 N/kg. 
Don’t worry, you'll always be given a value of g to use in the exam. 


3) Increasing the mass of an object increases its weight. If you double the mass, the 
weight doubles too, so you can say that weight and mass are directly proportional. 


4) You can write this, using the direct proportionality symbol, as W « m. 
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Resultant Forces 


When multiple forces act on an object, they can add together or subtract from each other until there’s the 
equivalent of just one force acting in a single direction. This is the resultant force. 


aia a % Pata Re a= 


1) You need to be able to describe all the forces acting on an isolated object or 
a system (p.17) — i.e. every force acting on the object or system but none 
of the forces the object or system exerts on the rest of the world. 


2) For example, a skydiver’s weight acts on him, pulling him.towards the ground, 
and drag (air resistance) also acts on him, in the opposite direction to his motion. 


3) This can be shown using a free body diagram like the ones below. 


4) The sizes of the arrows show the relative magnitudes of the forces and 
the directions show the directions of the forces acting on the object. 


normal contact force 


friction LL S driving force 


1) In most real situations there are at least two forces acting on an object along any direction. 


2) If you have a number of forces acting at a single point, you can replace them with a single force 
(so long as the single force has the same effect as all the original forces together). 


3) This single force is called the resultant force. 
For example, there is a downward resultant force acting on the skydiver above. 


4) If the forces all act along the same line (they’re all parallel), the overall effect is found by 
adding those going in the same direction and subtracting any going in the opposite direction. 


FEXAMAPLE: | For the free body diagram shown on the right, 


calculate the resultant force acting on the van. 


1) Consider the horizontal and Vertical: 1500 — 1500 =O N 1200 N 
vertical directions separately. 44: ,ontal: 1200 — 1000 N = 200 N 


2) State the size and direction 
of the resultant force. The resultant force is 200 N to the left. 


e 


The resultant force — one force with the same result as many... 


You'll most often encounter a resultant force as the difference between some kind of driving force and a 
resistive force, acting in opposite directions along the same line. For example, weight and air resistance for 
a falling object. But its not always so straightforward. Read on for some techniques for tackling them. 
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When a force moves an object through a distance, 
ENERGY IS TRANSFERRED and WORK IS DONE on the object. 


To make something move (or keep it moving if there are frictional forces), a force must be applied. 


— 


) 
2) The thing applying the force needs a source of energy (like fuel or food). 
3) The force does ‘work’ to move the object and energy Is transferred from one store to another (p.18). 
4) Whether energy is transferred ‘usefully’ (e.g. lifting a load) or is ‘wasted’ (p.23) you can 


still say that ‘work is done’. ‘Work done’ and ‘energy transferred’ are the same thing. 


When you push something along a rough surface (like a carpet) you are doing work against frictional 
forces. Energy is being transferred to the kinetic energy store of the object because it starts moving, 
but some is also being transferred to thermal energy stores due to the friction. This causes the 
overall temperature of the object to increase. (Like rubbing your hands together to warm them up.) 


5) You can find out how much work has been done using: 


Work done (J) = Force (N) x Distance (moved along the line of action of the force) (m) 


6) One joule of work is done when a force of one newton causes 
an object to move a distance of one metre. You need to be able | Wess | 
to convert joules (J) to newton metres (Nm). 1] = 1Nm. 


Working out resultant forces using scale diagrams isn’t too tough. Here’s what to do: 


1) Draw all the forces acting on an object, to scale, ‘tip-to-tail’. 


2) Then draw a straight line from the start of the first force to 
the end of the last force — this is the resultant force. 

3) Measure the length of the resultant force on the diagram to find 
the magnitude and the angle to find the direction of the force. 


F EXAANPLE: | A man is on an electric bicycle that has a driving force of 4 N north. 


However, the wind produces a force of 3 N east. 
Find the magnitude and direction of the resultant force. 


Zz 


1) Start by drawing a scale drawing of the forces acting. 


2) Make sure you choose a sensible 
scale (e.g. 1 cm = 1 N). 


4 
+ . 
rs 1cm=1N 
47 
Md drawn to scale 


3) Draw the resultant from the tail of the first 4 cm 
arrow to the tip of the last arrow. cigs Resultant force 
4) Measure the length of the resultant with a ruler and RS eX 


use the scale to find the force in N. 
5) Use a protractor to measure A bearing is an angle measured 
the direction as a hearing. —_clockwise from north, given as a 
3 digit number, 2g. 10° = O10°. 


Resultant force is 5 N 
on a bearing of 037°. 
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More on Forces 


Scale diagrams are useful for more than just calculating resultant forces. You can also use them to check 
if forces are balanced and to split a force into component parts, as you’re about to see... 


/ 


1) If all of the forces acting on an object combine to give 


Mak 
a resultant force of zero, the object is in equilibrium. = Sure You draw the last force 


in the right direction. It's in the 


2) Ona scale diagram, this means that the tip of the last force you opposite direction to how you'd 
draw should end where the tail of the first force you drew begins. draw a resultant for 2 | 
ce. 


E.g. for three forces, the scale diagram will form a triangle. 


Tip-to-tail the forces join up... 
F F 


1 


object in equilibrium 


2 


F 


3 


So the resultant force is zero. 


3) You might be given forces acting on an object and told to find a missing force, 
given that the object is in equilibrium. To do this, draw out the forces you do know 
(to scale and tip-to-tail), join the end of the last force to the start of the first force. 


4) This line is the missing force so you can measure its size and direction. 


1) Not all forces act horizontally or vertically — some act at awkward angles. 
2) To make these easier to deal with, they can be split into two components 
at right angles to each other (usually horizontal and vertical). 


3) Acting together, these components have the same effect as the single force. 
4) You can resolve a force (split it into components) by drawing it on a scale grid. 


F EXAANPLE: ] Use the grid below to resolve a 10 N force, acting at 53° above the horizontal, 


into horizontal and vertical components. Give your answers to 1 significant figure. 


soarermestT 7 


i eat BP as 


1) Begin by deciding on a scale for your grid. io al 
Here, we have 1 cm? squares, so an easy = 
scale to work with would be if 1. cm = 1N. 


+ 
| 
= 


Diagrams 


not to scale 


2) Next, draw your force to scale on the I = 
grid and at the right angle. Aim to have feat 
at least one end of the force arrow at (i 
the corner of a square on the grid. i. +++ 


3) Now draw a horizontal arrow from 
the bottom end of the force and a 
vertical arrow to the top end of the 
force to form a right angled triangle. 

4) Measure the length of each arrow, 
and convert the lengths to N using your scale. _—_-Vertical component = 8 N 


Horizontal «component = 6 N 


With scale diagrams, it’s important to keep things in proportion... 


- Scale diagrams are great for making calculations with forces, but you need to be careful. Make sure you 
keep your scale consistent (e.g. 1 square side = 1_N) and that you draw the forces in the correct direction. 
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Warm-Up & Exam Questions 


Now you've learnt the basics of forces, it’s time to act on your new knowledge. ee ie 
Give these questions a whack and test how well you've forced those facts into your brain. 5 20SMbal 


A tennis ball is dropped from a height. . 
Name one contact force and one non-contact force that act on the ball as it falls. 


Give an example of a vector quantity and a scalar quantity. 
State the units of: _ a) gravitational field strength, b) mass, c) weight. 
How can you tell if a set of forces are balanced using a scale diagram? 


Figure l  pajloonB 
Figure 1 shows two hot Balloon A alee N alioon tp 


air balloons, labelled 1700 N 

: f Grade 
with the forces nae oa 
acting onthem. = = <a 300,.N 


= 


800 N 


Calculate the size of the resultant force acting on Balloon A and give its direction. 

[3 marks] 
The resultant force acting on Balloon B is zero. Calculate the size of forces x and y. 

[2 marks] 


A train moves 700 m in a straight line along a flat track. 6:3) 
The resultant force acting on the train is 42 000 N forwards along the track. y 


Calculate the work done by the resultant force as the train moves 700 m. Give your answer in kJ. 

[3 marks] 
The weight of the train is 200 000 N. The resistive force on the train is 15 000 N. 
Draw a free-body diagram of the train. Model the train as a rectangle. 


[4 marks] 


. Figure 2 
A spring increases in length when masses are suspended 


from it, as shown in Figure 2. When a metal ball with a = 
mass of 0.10 kg is suspended from the spring, the spring 7-9 
stretches by 3 cm. If the experiment was repeated on 

Mars, the spring would only be stretched by 1.1 cm. 


Suggest why the spring would stretch less on Mars than on Earth. 


[3 marks] 
The weight of the bali on Mars is 0.37 N. Calculate the value of g on Mars. 


[3 marks] 
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Forces and Elasticity | 


Forces don’t just make objects move, they can also make them change shape. Whether they change 
shape temporarily or permanently depends on the object and the forces applied. 


1) When you apply a force to an object you 


may cause it to stretch, compress or bend. —— F 
2) Todo this, you need more than one force A fe 


acting on the object — otherwise the object 
would simply move in the direction of the fe 
applied force, instead of changing shape. 


-}— 


3) Work is done when a force stretches 
or compresses an object and causes 
energy to be transferred to the 


elastic potential energy 
store of the object. 


4) If it is elastically deformed (see below), 
ALL this energy is transferred to the object's 


elastic potential energy store (see p.19). 


1) An object has been elastically deformed if it can go back to its 
original shape and length after the force has been removed. 


2) Objects that can be elastically deformed are called elastic objects (e.g. a spring). | 


1) An object has been inelastically deformed if it doesn’t return to 
its original shape and length after the force has been removed. 


Elastic objects are only elastic up to a certain point... 
Remember the difference between elastic deformation and inelastic deformation. If an object 


has been elastically deformed, it will return to its original shape when you remove the force. 
If it’s been inelastically deformed, its shape will have been changed permanently — for example, 


an over- stretched spring will stay stretched even after you remove the force. 
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Forces and Elasticity 


Springs obey a really handy little equation that relates the force on them to their extension — for a while at 
least. Thankfully, you can plot a graph to see where this equation is valid. 


7S 


If a spring is supported at the top and a weight is attached to the bottom, it stretches. 


1) The extension of a stretched spring (or certain other 
Force, F | elastic objects) is directly proportional to the load or 
force applied — so Fae. 


2) This is the equation: 


Spring constant (N/m) 


aes i =e Ml 
Extension (m) 


3) The spring constant, k, depends on the 
material that you are stretching — a stiffer 
spring has a greater spring constant. 


Natural 
length, / 


4) The equation also works for compression 
(where e is just the difference between the natural 


and compressed lengths — the compression). 


Dam neo IO STE SSE 


There’s a limit to the amount of force you can apply to an 
object for the extension to keep on increasing proportionally. 


Force 


1) The graph shows force against extension 
for an elastic object. 


2) There is a maximum force above which P 
the graph curves, showing that extension 
is no longer proportional to force. 


3) This is known as the limit of proportionality and 


is shown on the graph at the point marked P. 


4) You might see graphs with these axes the 


other way around — extension-force graphs. 
The graph still starts has a straight part, 


but starts to curve upwards once you go past 


the limit of proportionality, instead of downwards. | Extension 


Be careful with units when doing calculations with springs. Your values for extension will usually 
be in centimetres or millimetres, but the spring constant is measured in newtons per metre. So 
convert the extension into metres before you do any calculations, or you'll get the wrong answer. 


(ag The spring constant is measured in N/m... 
ea 
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Oh look, here’s another one of those Required Practicals... This one looks pretty straightforward, but there 
are a few ways this experiment can stretch you. Read on, so you won't be past your limits in the exam. 


Investigating Springs 


1) Before you start, set up the apparatus as shown in the diagram. Make sure you have plenty of extra masses. 


2) It's a good idea to measure the mass of each of your masses (with a mass balance) and 
calculate its weight (the force applied) using W = mg (p.88) at this point. This’l] mean 
you don’t have to do a load of calculations in the middleof the experiment. 


Before you launch into the investigation, you 
could do a quick pilot experiment to check 
your masses are an appropriate size for your \ ms a == clamp 
investigation: | 


e Using an identical spring to the one you'll 
be testing, load it with masses one at a 
time up toa total of five. Measure the | spring 
extension each time you add another mass. _ 


fixed ruler 


e Work out the increase in the extension 
of the spring for each of your masses. 
If any of them cause a bigger increase | 
in extension than the previous masses, i 
you've gone past the spring’s limit of i 
proportionality. If this happens, you'll need | 
to use smaller masses, or else you won't 
get enough measurements for your graph. 


OR PEETT 


| 


| Tie== tape (to mark 
-| end of spring) 


5 
q 


hanging mass 


extra 


1) Measure the natural length of the spring 
(when no load is applied) with a millimetre 
ruler clamped to the stand. Make sure you 
take the reading at eye level and add a marker 


(e.g. a thin strip of tape) to the bottom of the 
spring to make the reading more accurate. 


ELEY SSPEARS EES LTD 


PEG 


weighted stand » 
2) Adda mass to the spring and allow the spring to come Te check whether the deformation is elastic 
to rest. Record the mass and measure the new length or inelastic, you can remove each mass 


temporarily and check to see if the spring 


of the spring. The extension is the change in length. 
goes back to the previous extension, 


3) Repeat this process until you have enough measurements (no fewer than 6). 


Extension is the change in length due to an applied force... 


_ Make sure you know how to calculate the extension of a spring. It’s not the just the length of the spring, 
_ it’s the difference between the stretched length and the original, unstretched length. The extension when 
_ no force is acting on a spring should always be zero — unless the spring has been inelastically deformed. 
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Investigating Springs 


Once you've collected all your data, you need to know what to do with it. Fortunately this page is all about 
how to use the results from the practical on the last page to work out things like the spring constant. 


Once you've collected your results using the 
method on the last page, you can plot a 


force-extension graph of your results. 
It will only start to curve if you exceed the limit 


of proportionality, but don’t worry if yours doesn’t 
(as long as you've got the straight line bit). 


e When the line of best fit is a straight line it 
means there is a linear relationship between 
force and extension (they’re directly 


proportional, see previous page). 
F = ke, so the gradient of the straight line is 


equal to k, the spring constant. 


e When the line begins to bend, the 
relationship is now non-linear between 
force and extension — the spring stretches 
more for each unit increase in force. 


Force (N) 


Extension (m) 


1) As long as a spring is not stretched past its limit of proportionality, 
work done in stretching (or compressing) a spring can be found using: 


Spring constant (N/m) 


Elastic potential 
energy (J) 


Force 


Extension (m) 


2) For elastic deformation, this formula can be used to calculate 
the energy stored in a spring's elastic potential energy store. 


3) It’s also the energy transferred to the spring as it’s deformed 
(or transferred by the spring as it returns to its original shape). 


energy 
stored 


4) The energy in the elastic potential energy store 
of a stretched spring is equal to the area under 


a force-extension graph up to that point: ——____== 


Extension 


3 ola i 


The force-extension graph curves at the limit of proportionality... 


In reality, you may not always see the curved part in your force-extension graph for this experiment. This 
may be because you may not have added enough masses to your spring to reach, and go past, the limit of 
proportionality. But you can still use the gradient of your straight line to calculate the spring constant. 
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Forces can do a lot of nifty things when they act on objects, as I’m sure you've already seen. But there’s 
more... This page is all about how they can make objects rotate. Give it a read, it'll only take a moment. 


A force, or several forces, 
can cause an object to rotate. 


foreealiiea} perpendicular distance from 
The turning effect of a force is called its moment. the pivot to the line of 
i saree tion of the fi 
The size of the moment of the force is given by: Eee IN nee 


Moment of a Distance (m) — the 


Pivot 


1) The force on the spanner causes a turning effect or 
moment on the nut (which acts as pivot). A larger force or 
a longer distance (spanner) would mean a larger moment. 


2) To get the maximum moment (or turning effect) 


you need to push at right angles (perpendicular) 
to the spanner. Pushing at any other angle-means 


If the total anticlockwise moment equals the total clockwise moment about a pivot, the object is balanced 
and won’t turn. You can use the equation above to find a missing force or distance in these situations. 


F EXANNPLE:) A 6 m long steel girder weighing 1000 N rests horizontally on a pole 1 m from one 


end. What is the tension in a supporting cable attached vertically to the other end? 


| T = Force due to 
| tension in cable. 
lh Sa ee ee Me 


Centre of mass 


' 
, | 
eAOOON La | 


1) For the girder to balance, the total Moment = force x distance 
anticlockwise moment should equal a attinlackemomant 21060 <9 
the total clockwise moment. So start by = 2000 Nm 
calculating the total anti-clockwise moment. 


2) Then, write an expression for 


the total clockwise moment Total clockwise moment = Tx (3 + 2) 


=5xT 


3) Set the moments equal to each other 2000 i, hg gs 
and rearrange for T. 


T= 2000 +5=400 N 


Moment of a force = force * distance... 
You’d better remember this equation. There may just be a moment in the exam where you need it... 
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Levers and Gears 


Moments play a part in a lot of mechanical devices, from clocks to wheelbarrows. They can help you get 
the most out of a small force, and allow you to transmit forces across a distance. 


Levers increase the distance from the pivot at which the force is applied. 
Since M = Fd this means less force is needed to get the same moment. 


This means levers make it easier to do work, e.g. lift a load or turn a nut. 


Long sticks or bars: Wheelbarrows: 


1) Gears are circular discs with ‘teeth’ around their edges. 


2) Their teeth interlock so that turning one causes 
another to turn, in the opposite direction. 


3) They are used to transmit the rotational effect 


of a force from one place to another. 


4) Different sized gears can be used to change the moment 
of the force. A force transmitted to a larger gear will cause 
a bigger moment, as the distance to the pivot is greater. 


5) The larger gear will turn slower than the smaller gear. 


You need to be able to explain how gears and levers work... 


Gears can be tricky to keep track of. Remember that, when you have a series of connected gears, 
the direction of rotation changes each time the rotational effect is transferred. Try drawing arrows 
to show how the gears move, so you can more easily follow how the turning effect is transmitted. 
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| Warm-Up & Exam Questions 


hear those gears whirring away in your brain from all that new information. So it’s the perfect 


State the formula linking force, extension and spring constant. 
What is meant by the limit of proportionality of a spring? 

Give the equation used to calculate the moment of a force (around a pivot). 
What are the units of the moment of a force? 


) 
) 
) 
) 


PRACTICAL 


1 The teacher shows his students an experiment to show how 
a spring extends when masses are hung from it. He hangs sm 
a number of 90 g masses from a 50 g hook attached to the &3) 
base of the spring. He records the extension of the spring 

and the total weight of the masses and hook each time he 

adds a mass to the bottom of the spring. 


Figure 1 


Give the independent variable in this experiment 
[1 mark] 
1.2. Give one control variable in this experiment. 


[1 mark] 
When a force of 4 N is applied to the spring, the spring extends elastically by 2.5 cm. 


Calculate the spring constant of the spring. 


[4 marks] 
1.4 The teacher applies a 15 N force to the spring. When he removes the force, the spring is 7 cm long. 
The original length of the spring was 5 cm. Describe what has happened to the spring. 


[1 mark] 


Figure 2 
z Bolts are often secured using an Allen key, as shown bolt 12 cm 


in Figure 2. One end of the Allen key is put into A m 
the bolt and the other is turned to tighten the bolt. = Allen key E 
B 


2.1 Calculate the moment on the bolt when end A of the Allen key is put into the bolt 
and a force of 15 N is applied to end B. é 
[3 marks] 
2.2 Calculate the moment on the bolt when end B of the Allen key i put into the bolt 
and a force of 15 N is applied to end A. 
[3 marks] 
2.3 Which end of the Allen key (A or B) should be put into the bolt to make it easier to tighten? 
Explain your answer. 


[2 marks] 
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Fluid Pressure 


I’m sure you're familiar with pressure, what with exams coming up, but it’s an important concept in physics too. 


1) Fluids are substances that can ‘flow’ because their particles are able to move around. A fluid is either a 


ae 
2) As these particles move around, they collide with surfaces and other particles. liquid or a gas. 


3) Particles are light, but they still have a mass and exert a force on the object they collide 
with. Pressure is force per unit area, so this means the particles exert a pressure. 


4) The pressure of a fluid means a force is exerted normal 
(at right angles) to any surface in contact with the fluid. 


5) You can calculate the pressure at the surface of a fluid by using: Force 


Force normal to a surface (N) 


Pressure in 


pascals (Pa) Area of that surface (m’) 


1) Density is a measure of the ‘compactness’ of a substance, i.e. how close together the 
particles in a substance are (p.64). For a given liquid, the density is uniform (the same 
everywhere) and it doesn’t vary with shape or size. The density of a gas can vary though. 


2) The more dense a given liquid is, the more particles it has in a certain space. 
This means there are more particles that are able to collide so the pressure is higher. 


3) As the depth of the liquid increases, the number of particles above that point increases. The weight 
of these particles adds to the pressure felt at that point, so liquid pressure increases with depth. 


4) You can calculate the pressure 
at a certain depth due to the 


column of liquid above using: an 


LEXANIPLE 


1) Calculate the pressure caused by —p = hog = 25 x 1000 x 9.8 


Pressure (Pa) 


Height of the column of liquid (the depth) (m) 


Gravitational field strength (N/kg) 
On Earth, g = 9.8 N/kg. 


Density of the liquid (kg/m?) (the symbol is the Greek letter 'rho') 


Calculate the change in pressure between a point 25 m below the surface of 
water and a point 45 m below the surface. The density of water is 1000 kg/m’. 


the water at a depth of 20.0 m. = 245 OOO Pa Check your answer 
2) Do the same for a depth of 40.0 m. p= hpg = 45 x 1000 x 9.8 makes sense (you can't 
= 441 OOO Pa "get negative pressure). 
3) Take away the pressure at20.0m 441 OOO — 245 O00 =196 OOO Pa 
from the pressure at 40.0 m. (or 196 kPa) 


You could write the answer above in standard form — it’s a way of writing very big or very small 


numbers. Numbers in standard form always look like this: 


A is always a number n ts the number of places the decimal point would move if 
between 1 and 10. you wrote the number out fully. It's negative for numbers 
less than 1, and positive for numbers greater than 1. 


So 200 000 Pa would be written as 2 x 10° Pa in standard form. 
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This page is all about upthrust — a force that determines whether an object will sink or float. 
So take some time to read up on it now, so you’re not submerged in revision at the last minute. 


Pressure Pineapple displaces 
1) When an object is submerged in a fluid (either eat 
partially or completely), the pressure of the 
fluid exerts a force on it from every direction. 
2) Pressure increases with depth, so the force Beue | 
d on the bottom of the object is larger beng 
exerted on J 1otecr to the weight of this 


than the force acting on the top of the object. 


Pressure amount of water. 


5 
3) This causes a resultant force (p.89) upwards, known as upthrust. 4 


4) The upthrust is equal to the weight of fluid that has been displaced 
(pushed out of the way) by the object. E.g. the upthrust on a pineapple 


in water is equal to the weight of a pineapple-shaped volume of water. | 


t 
t 
| 
: 
i 
a] 


) If the upthrust on an object is equal to. the object’s weight, then the forces balance and the object floats. 
) If an object’s weight is more than the upthrust, the object sinks. 
3) This means that whether or not an object will float depends on its density. 

) 


An object that is less dense than the fluid it is placed in weighs less than the equivalent volume of fluid. 
This means it displaces a volume of fluid that is equal to its weight before it is completely submerged. 


5) At this point, the object’s weight is equal to the upthrust, so the object floats. 


6) An object that is denser than the fluid it is placed in is unable to displace enough fluid to 
equal its weight. This means that its weight is always larger than the upthrust, so it sinks. 


This much water 
weighs the same The apple has This much water weighs 
as the whole apple displaced a volume less than a potato 
(because the of water equal to its (because the potato 
apple is less dense weight so it floats. is denser than water). 
than water). ‘ 


The potato can 
never displace a 
volume of water 
equal to its 
weight so it sinks. 


Submarines make use of upthrust. To sink, large tanks are filled with water to increase 
the weight of the submarine so that it is more than the upthrust. To rise to the surface, the 
tanks are filled with compressed air to reduce the weight so that it’s less than the upthrust. 
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Atmospheric Pressure 


Atmospheric pressure Is exactly what it sounds like — it’s the pressure exerted by the air around you. 
It’s acting on you at all times, and varies with your height above sea-level. 


1) The atmosphere is a layer of air that surrounds 
Earth. It is thin compared to the size of the Earth. 


PT 


2) Atmospheric pressure is created on a surface by air molecules colliding with the surface. | 


1) As the altitude (height above Earth) increases, atmospheric pressure decreases. | 


jo Seer a He ae RENE eT ROG NIETO ES TE SOT AI RIE LOE ES RSI 


High atmospheric 
XN pressure 


Low atmospheric 
pressure 


atmospheric pressure 


low 


sea level elevation really high up 


2) This is because as the altitude increases, the atmosphere gets less dense, 
so there are fewer air molecules that are able to collide with the surface. 


3) There are also fewer air molecules above a surface as the height 
increases. This means that the weight of the air above it, which 
contributes to atmospheric pressure, decreases with altitude. 


Atmospheric pressure decreases as height above ground increases... 


...because the density of air decreases as height increases. This is why mountain climbers carry tanks of 


oxygen. The lower density of air means there are fewer air particles, and so less oxygen, which makes it 
harder to breath. So the mountaineers have to carry their own supply of oxygen with them. 
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Warm-Up & Exam Questions 
now you've gotten through that section, have a go at these questions, and see how much you've 


¢ 


1) Define the term pressure. 
2) Other than density, name two variables the pressure due to a column of liquid depends on. 


3) An object with a weight of 3.5 N is floating in a bucket of water. 
Give the size of the upthrust acting on the object. 


4) How does atmospheric pressure vary with altitude? 


1 A student places a ball into a bucket of water ea + A 
G ) igure 


and it sinks to the bottom, as shown in Figure 1. 
The water is 50 cm deep, and the ball has a diameter of 8 cm. 


1.1. What conclusion can be made about the density of the ball? 
Tick one box. 50 cm 


| | It is more dense than water. 
re | It is less dense than water. 8c 


Le It has the same density as water. 
[1 mark] 


1.2 Water has a density of 1000 kg/m>. The gravitational field strength is 9.8 N/kg. 
Calculate the pressure due to the column of water above the ball. 
Give your answer to 2 significant figures. 
Use the correct equation from the Physics Equation Sheet on the inside back cover. 


[4 marks] 


2 Figure 2 shows a simple hydraulic system containing a liquid. In a hydraulic system, pressure /Srade 
is transmitted from one piston to another through the liquid. The liquid cannot be compressed. , 


Figure 2 
Piston | Piston 2 


Liquid 


A force of 175 N is applied to piston 1, which has a cross-sectional area of 0.25 m’. 
Calculate the pressure created at the first piston. 


[2 marks] 
2.2 Piston 2 has a cross-sectional area of 1.3 m”. 
Calculate the force acting on piston 2. 
[3 marks] 
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Distance, Displacement, Speed and Velocity 


There are a lot of very similar variables on this page, but they’re different in some very important ways, 
so prepare to pay extra close attention. It’s down to whether they’re a vector or a scalar quantity. 


1) Distance is just how far an object has moved. It’s a scalar quantity (p.87) so it doesn’t involve direction. 


2) Displacement is a vector quantity. It measures the distance and direction in a straight line from an 
object's starting point to its finishing point — e.g. the plane flew 5 metres north. The direction could be 
relative to a point, e.g. towards the school, or a bearing (a three-digit angle from north, e.g. 035°). 

3) If you walk 5 m north, then 5 m south, your displacement is 0 m but the distance travelled is 10 m. 


1) Speed and velocity both measure how fast you're going, but speed is a scalar and velocity is a vector: 


Speed is just how fast you're going (e.g. 30 mph or 20 m/s) with no regard to the direction. 


Velocity is speed in a given direction, e.g. 30 mph north or 20 m/s, 060°. 


2) This means you can have objects travelling at a constant speed with a changing velocity. 
This happens when the object is changing direction whilst staying at the same speed. 


An object moving in a circle at a constant speed has a constantly changing velocity, 
as the direction is always changing (e.g. a car going around a roundabout). 


3) If you want to measure the speed of an object that’s moving with a constant speed, you should 
time how long it takes the object to travel a certain distance, e.g. using a ruler and a stopwatch. 
You can then calculate the object’s speed from your measurements using this formula: 


s=vt distance travelled (m) = speed (m/s) x time (s) 


4) Objects rarely travel at a constant speed. E.g. when you walk, run or travel in a car, your speed is 
always changing. For these cases, the formula above gives the average (mean) speed during that time. 


ie ome 


J eran’ 6) 


Whilst every person, train, car etc. is different, there is usually a typical speed that 
_ each object travels at. Remember these typical speeds for everyday objects: 


A person walking Sa mV/s: pial car — 25 m/s 


A person running—3m/s —_——A train — 55 m/s si 
A person cycling —6m/s = Aplane — 250 m/s © 


. 


2) Lots of different things can affect the speed something travels at. For example, the speed at which 
a person can walk, run or cycle depends on their fitness, their age, the distance travelled and the 
terrain (what kind of land they're moving over, e.g. roads, fields) as well as many other factors. 


3) It’s not only the speed of objects that varies. The speed of sound (330 m/s in air) changes depending 
on what the sound waves are travelling through, and the speed of wind is affected by many factors. 


4) Wind speed can be affected by things like temperature, atmospheric pressure and if there are any 
large buildings or structures nearby (e.g. forests reduce the speed of the air travelling through them). 
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Acceleration : 


Acceleration is the rate of change of velocity. For cases of constant acceleration, there’s a really useful 
equation you can use to calculate all sorts of variables of motion. 


1) Acceleration is definitely not the same as velocity or speed. PEXANNPLE:| 
2) Acceleration is the change in velocity in a certain amount of time. 
A cat accelerates at 2.5 m/s? 


3) You can find the average acceleration of an object using: “a any a 


Change in velocity (m/s) Find the time it takes to do this. | 
Acceleration (m/s?) t=Av+a 


Time (s) = (6.0 — 2.0) +25=16s 


4) Deceleration is just negative acceleration (if something slows down, the change in velocity is negative). 


You might have to estimate the acceleration (or deceleration) of an object. 
To do this, you need the typical speeds from the previous page: 


EXAANPLE: 


A car is travelling along a road, when it collides with a tree and comes to a stop. 
Estimate the deceleration of the car. 


1) First, give a sensible speed for the car to be travelling at. The typical speed of a car is ~25 m/s. 
2) Next, estimate how long it would take the car to stop. — The car comes to a stop in ~1 s. 
3) Put these numbers into the acceleration equation. a=Av-+t 

= (—25) +1 


4) The question asked for the deceleration, so you canlose =~ —25 m/s’ 
the minus sign (which shows the car is slowing down): So the deceleration is ~25 m/s’ 


The ~ symbol just means it's an 
approximate value (or answer). 


sieeadiemnanen Te 


1) Constant acceleration is sometimes called uniform acceleration. 


2) Acceleration due to gravity (g) is uniform for objects in free fall. It’s roughly equal to 9.8 m/s? 
near the Earth’s surface and has the same value as gravitational field strength (p.88). 


3) You can use this equation for uniform acceleration: 


Acceleration (m/s*) Initial velocity is just 


the starting velocity 


Final velocity (m/s) — Distance (m) of the object 


Initial velocity (m/s) ‘ 


L ES e oe 
EXANN A van travelling at 23 m/s starts decelerating uniformly at 2.0 m/s? as it heads towards 
a built-up area 112 m away. What will its speed be when it reaches the built-up area? 


1) First, rearrange the equation so Vv’ is on one side. Ay eA as 

2) Now put the numbers in — remember a is Vv = 232 + (2 x —2.0 x 112) 
negative because it’s a deceleration. = 81 

3) Finally, square root the whole thing. v= /B1 =9.m/s 
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Distance-Time Graphs 


It’s time for some more exciting graphs. Distance-time graphs contain a lot of information, but they can look 
a bit complicated. Read on to get to grips with the rules of the graphs, and all will become clear. 


If an object moves in a 
straight line, its distance Decelerating 
travelled can be plotted on a srt : 


distance-time graph. 


Distance (m) 


Accelerating | 


Steady speed 


a 


Time (s) 


1) Gradient = speed. (The steeper the graph, the faster the object is going.) 


This is because: speed = distance + time = (change in vertical axis) + (change in horizontal axis). 


Sea 


2) Elat sections are where the object's stationary — it’s stopped. 


3) Straight uphill sections mean it is travelling at a steady speed. | 


Read the axes of any graph you get given carefully... 


Make sure you don't get confused between distance-time graphs and velocity-time graphs. They 
iP an look similar, but tell you different things and have different rules, as you're about to find out... 
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Velocity- Time Graphs 


Even more graphs! Just like distance-time graphs, velocity-time graphs are a great way of representing 
journeys. There’s a lot of information in them, so make sure you know how to get the most out of them. 


How an object's velocity 
changes as it travels 
can be plotted on a 


velocity-time graph. 


Steady speed 


Constant 
deceleration 


plead peed . 


Velocity (m/s) 


Increasing 
acceleration 


Constant coeur i 


ERIS PTS TESTIS IE I TOLD ES OS LTS 


Time (s) 


= acceleration since acceleration is purer in velocity + = time. 


DEER ER TS 


If the graph is curved, you can 


?) Flat sections represent travelling atas steady speed. 


era use a tangent to the curve 


(p10) at a point to find the 
eapre acceleration at that point. 


Re ) The 3 steeper rthe graph, the greater the acceleration or deceleration. 


AL phil sections —”) are Secs Do 


ion. A curve means chan in, al 


fis easier ‘6 tine rn area by — 


e number by the value of one square. 


F EXAMPLE: | The velocity-time graph of a car’s journey is plotted and shown below. 


a) Calculate the acceleration of the car over the first 10 s. | 
b) How far does the car travel in the first 15 s of the journey? ) 


a) This is just the gradient of the line 
between 0 and 10 s: 


AeA Pe 20) 240 = 2 'm/? Velocity irm/s) . 


Ey 20 
b) Split the area into a triangle and a Area = (% x 10 x 20) + (5 x 20) H+ 


7 
rectangle, then add together their areas. =200m PERE 
: (OCLC Ce 
Or find the value of one square, 1 square = 2 m/s x1s=2m mene’ joeeueeeeee 
count the total number of squares Area = 100 squares 
under the line, and then multiply =100 x2=200m 


15 
these two values together. tre 
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Warm-Up & Exam Questions 


Slow down, it’s not time to move on to the next section just yet. First it’s time to check that all the stuff 
you've just read is still running around your brain. Dive into these questions. 


What is the difference between speed and velocity? 
Suggest the typical speeds of: a) a person running, b) a train, c) a plane. 


) 
) 
) How is acceleration shown on a distance-time graph? 
4) Describe the shape of the line on a velocity-time graph for an object travelling at a steady speed. 
) 
) 


In general, how does the air resistance acting on a car change as its speed increases? 


A skydiver is falling at terminal velocity when she opens her parachute. 
After a while, she reaches a new terminal velocity. 
How does her new terminal velocity compare to her original terminal velocity? 


‘Grade’ 


1 Figure 1 shows the velocity-time graph of a cyclist. § 4-6) 


; Figure 1 
1.1. Describe the motion of the cyclist 4 a 
between 5 and 10 seconds. uy, 
[2 marks] E 3 
1.2. Calculate how far the cyclist travelled > 5 
between 2 and 5 seconds. e 
[2 marks] > 1 t 
1.3. Calculate the acceleration of the 
cyclist between 2 and 5 seconds. 09 1 5 3 4 5 6 7 8 er) 
[2 marks] Time in seconds 


1.4 Calculate the average deceleration of the cyclist between 8 and 10 seconds. 


[3 marks] 


2 Two parachutists, A and B, are members of the same club. /érade Figure 2 
Figure 2 shows the forces acting on parachutist A. " 


2.1 Give the resultant force acting on parachutist A. 


[1 mark] 


2.2 Describe the velocity of parachutist A. 


[1 mark] 


Parachutist B is in free fall. 
The total weight of parachutist B and her equipment is 700 N. 


Determine the force of air resistance on parachutist B when she reaches terminal velocity. 
Explain your answer. 


[2 marks] 


2.4 Which parachutist, A or B, would have a higher terminal velocity? Explain your answer. 


- [4 marks] 
2.5 Explain why a parachutist slows down when they open their parachute. 


[2 marks] 


Newton’s First and Second Laws 


Way back in the 1660s, some clever chap named Isaac Newton worked out some Laws of Motion... 


This may seem simple, but it’s important. Newton’s First Law says that a resultant 
force (p.89) is needed to make something start moving, speed up or slow down: 


If the resultant force on a stationary object is zero, the object will 


remain stationary. If the resultant force on a moving object is zero, it'll 
just Carry on moving at the same velocity (same speed and direction). 


So, when a train or car or bus or anything else is moving at a constant velocity, 
the resistive and driving forces on it must all be balanced. The velocity 
will only change if there’s a non-zero resultant force acting on the object. 


1) A non-zero resultant force will always produce 
acceleration (or deceleration) in the direction of the force. 


2) This “acceleration” can take five different forms: starting, 
stopping, speeding up, slowing down and changing direction. 


oot Be “= 


3) Ona free body diagram, the arrows will be unequal. 


1) The larger the resultant force acting on an object, the more the object accelerates 
— the force and the acceleration are directly proportional. You can write this as F « a. 


2) Acceleration is also inversely proportional to the mass of the object — so an object with a 
larger mass will accelerate less than one with a smaller mass (for a fixed resultant force). 


3) There’s an incredibly useful formula that describes Newton’s Second Law: 


Acceleration (m/s*) 
Resultant force (N) i" ae 
. Mass (kg) 
F EXANAPLE: A van of mass of 2080 kg has an engine that provides a driving force of 5200 N. 


At 70 mph the drag force acting on the van is 5148 N. Find its acceleration at 70 mph. 


1) Work out the resultant force on the van. Resultant force = 5200 — 5148 = 52 N 
(Drawing a free body diagram may help.) 
2) Rearrange F = ma and stick in a=F+m 


the values you know. = 52 + 2080 = 0.025 m/s? 


You can use Newton's Second Law to get an idea of the forces involved in everyday transport. 
Large forces are needed to produce large accelerations: 


FEXANAPLE: | Estimate the resultant force on a car as it accelerates from rest to a typical speed. 


1) Estimate the acceleration of the car, A typical speed of a car is ~25 m/s. 
using typical speeds from page 104. It takes ~10 s to reach this. 


So a= Av+t=25+10=25 m/s’ 
2) Estimate the mass of the car. Mass of a car is ~1000 kg. 


3) Put these numbers into So using F = ma = 1000 ~ 2.5 = 2500 N 
Newton's Second Law. So the resultant force is ~2500 N 


The ~ means 
approximately, 


| Topic 5 — Forces 


tee 


Inertia and Newton’s Third Law 


Newton’s Third Law and inertia sound pretty straightforward, but things can quickly get confusing... 


Ba 


Until acted upon by a resultant force, objects at rest stay at rest and 
objects moving at a steady speed will stay moving at that speed (Newton's First Law). 
This tendency to continue in the same state of motion is called inertia. 


An object's inertial mass measures how difficult it is to change the velocity of an object. 


Inertial mass can be found using Newton’s Second Law of F = ma (see the last page). 
Rearranging this gives m = F + a, so inertial mass is just the ratio of force over acceleration. 


Newton’s Third Law says: When two objects interact, the forces they 


exert on each other are equal and opposite. 


If you push something, say a shopping trolley, the trolley will push back against you, just as hard. 
And as soon as you stop pushing, so does the trolley. Kinda clever really. 
So far so good. The slightly tricky thing to get your head round is this 


— if the forces are always equal, how does anything ever go anywhere? 
The important thing to remember is that the two forces are acting on different objects. 


Skater A “papal 
When skater A pushes on skater B, she feels an equal and 
opposite force from skater B’s hand (the ‘normal contact’ 
force). Both skaters feel the same sized force, in opposite 
directions, and so accelerate away from each other. 
Skater A will be accelerated more than skater B, though, 


because she has a smaller mass — remember a = F + m. 


An example of Newton’s Third Law in an equilibrium situation is é Rea 
a man pushing against a wall. As the man pushes the wall, there = = bcntace 
is a normal contact force acting back on him. These two forces 7 < 

are the same size. As the man applies a force and pushes the wall, 

the wall ‘pushes back’ on him with an equal force. 


force 


It can be easy to get confused with Newton’s Third Law when an object is in equilibrium. E.g. a book 
resting on a table is in equilibrium. The weight of the book is equal to the normal contact force. 

The weight of the book pulls it down, and the normal reaction force from the table pushes it up. 

This is NOT Newton's Third Law. These forces are different types and they’re both acting on the book. 
The pairs of forces due to Newton’s Third Law in this case are: 


1) The weight of book is pulled down by gravity from Earth (W,) 
and the book also pulls back up on the Earth (W,). 

2) The normal contact force from the table pushing up on the book (N,) and 

the normal contact force from the book pushing down on the table (N.). 
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Here comes another Required Practical. This one’s all about testing Newton’s Second Law. It uses some 
nifty bits of kit that you may not have seen before, so make sure you follow the instructions closely. 


Investigating Motion 


It’s time for an experiment that tests Newton's 2nd Law, F = ma (p.111). 


1) Set up the apparatus shown above. Set up the trolley so it holds a piece of card with a gap in the | 
middle that will interrupt the signal on the light gate twice. If you measure the length of each 
bit of card that will pass through the light gate and input this into the software, the light gate can | 
measure the velocity for each bit of card. It can use this to work out the acceleration of the trolley. | 


es 


light gate connected to 


trolley of data logger (or computer) 


known 
mass 


2) Connect the trolley to 
a piece of string that 
goes over a pulley and is 
connected on the other 
side to a hook (that you 
know the mass of and 


piece of card 


pulley 


can add more masses to). 


3) The weight of the hook and any masses attached to it 
will provide the accelerating force, equal to the 


mass of the hook (m) x acceleration due to gravity (g). 


4) The weight of the hook and masses accelerates both the trolley 
and the masses, so you are investigating the acceleration 
of the system (the trolley and the masses together). 


5) Mark a starting line on the table the trolley is on, so that the 
trolley always travels the same distance to the light gate. 


6) Place the trolley on the starting line and hold it in place. 
You should let the hook and any masses on the hook hang so the string 
is taut (not loose and touching the table). Then, release the trolley. 


7) Record the acceleration measured by the light gate as the trolley 
passes through it. This is the acceleration of the whole system. 


8) Repeat this twice more to get an average acceleration. | 
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Now you’ve set up the equipment, and you're used to how it works, it’s time to start adjusting your variables. 
Take care with the method here — there are some important points you don’t want to miss. 


1) To investigate the effect of mass, 
add masses to the trolley, one at a time, 
to increase the mass of the system. 
2) Don’t add masses to the hook, 
or you'll change the force. 
3) Record the average acceleration 
for each mass. 


The friction between the trolley and the 
bench might affect your acceleration 
measurements. You could use an air 
track to reduce this friction (a track 
which hovers a trolley on jets of air), 


ie a RP IS eT ee 
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To investigate the effect of force, you need to keep the total mass 

of the system the same, but change the mass on the hook. 

1) To do this, start with all the masses loaded onto the trolley, and 
transfer the masses to the hook one at a time, to increase the 
accelerating force (the weight of the hanging masses). 

2) The mass of the system stays the same as you're only transferring the 
masses from one part of the system (the trolley) to another (the hook). 


3) Record the average acceleration for each force. 


Le ST RT A RN PE PNT IT ESTES EAT TROBE: 


1) Newton’s Second Law can be written as F = ma. Here, F = weight of the hanging 
masses, m = mass of the whole system and a = acceleration of the system. 


2) By adding masses to the trolley, the mass of the whole system increases, 


but the force applied to the system stays the same. This should 


lead to a decrease in the acceleration of the trolley, asa =F +m. 


3) By transferring masses to the hook, you are j i 
force without changing the mass of the whole system. So increasing 
the force should lead to an increase in the acceleration of the trolley. 


This experiment has a lot of steps, so don’t speed through it... 
Make sure the string is the right length and there’s enough space for the hanging masses to fall. 
There needs to be enough space so that the masses don’t hit the floor before the trolley has 


passed through the light gate fully — if they hit the floor, the force won’t be applied the whole 
way through the trolley’s journey, so you won't get an accurate measurement for the speed. 
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Warm-Up & Exam Questions 
§ Now you've gotten yourself on the right side of the law(s of motion), it’s time to put your knowledge 


_ ontrial. Have a go at cross-examining these questions. 


What is the resultant force on an object moving at a constant velocity? 


2) Boulders A and B are accelerated from 0 m/s to 5 m/s in 10s. Boulder A required a force of 
70 N, and Boulder B required a force of 95 N. Which boulder has the greater inertial mass? 


3) True or False? Two interacting objects exert equal and opposite forces on each other. 


4) Ina trolley-and-pulley system, as in the practical on page 113, where should you put masses 
to increase the mass of the system without increasing the force on the trolley? 


Dahlia’s cricket bat has a mass of 1.2 kg. 
She uses it to hit a ball with a mass of 160 g forwards with a force of 500 N. 


State the force that the ball exerts on the bat. Explain your answer. 


: [2 marks] 
v 1.2. Which is greater — the acceleration of the bat or the ball? Explain your answer. 
Pe [2 marks] 
Figure 1 
2 A camper van has a mass of 2500 kg. a 


It is driven along a straight, Can s 
level road at a constant speed 6-7 


of 90.0 kilometres per hour. 


} 


© © 


A headwind begins blowing with a force of 200 N, causing the van to slow down. 
Calculate the van’s deceleration. 
| [3 marks] 


The van begins travelling at a constant speed before colliding with a stationary 10.0 kg traffic cone. 
The traffic cone accelerates in the direction of the van’s motion with an acceleration of 29.0 m/s’. 


Calculate the force applied to the traffic cone by the van. 
[2 marks] 


2.3. Calculate the deceleration of the van during the collision. 
Assume all of the force applied by the cone to the van causes the deceleration. 


[3 marks] 


[PRACTICAL] 


3* Stefan is investigating how acceleration varies with force. 


He has a | kg trolley, attached by a pulley to a 0.5 kg hanging hook. 
He also has eight 100 g masses. When the hook is released, the trolley rolls 


along a table, and passes through a light gate which calculates its acceleration. 


Describe an experiment that Stefan can perform using this equipment to investigate the relationship 
between force and acceleration. 


[6 marks] 
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Stopping Distances 


Knowing what affects stopping distances is especially useful for everyday life, as well as the exam. 


1) In an emergency (e.g. a hazard ahead in the road), a driver may perform an emergency stop. This is 
where maximum force is applied by the brakes in order to stop the car in the shortest possible distance. 
The longer it takes to perform an emergency stop, the higher the risk of crashing into whatever's in front. 


2) The distance it takes to stop a car in an emergency (its stopping distance) is found by: 


Stopping Distance = Thinking Distance + Braking Distance 


3) The thinking distance — how far the car travels during the driver’s reaction time 
(the time between the driver seeing a hazard and applying the brakes). 


Typical car braking distances are: 
14 m at 30 mph, 55 m at 60 mph 
and 75 m at 70 mph. 


4) The braking distance — the distance taken to stop under 
the braking force (once the brakes are applied). 


Thinking distance is affected by: 
e Your speed — the faster you're going the further you'll travel during the time you take to react. 


Your reaction time — the longer your reaction time (see next page), the longer your thinking distance. 
This can be affected by tiredness, drugs or alcohol. Distractions can affect your ability to react. 


Braking distance is affected by: 
¢ Your speed — for a given braking force, the faster a vehicle travels, the longer it takes to stop (p.118). | 
¢ The weather or road surface — if it is wet or icy, or there are leaves or oil on the road, there is ; 

less grip (and so less friction) between a vehicle's tyres and the road, which can cause tyres to skid. 


; 
The condition of your tyres — if the tyres of a vehicle are bald (they don’t have any tread left) A 
then they cannot get rid of water in wet conditions. This leads to them skidding on top of the water. — 


5 
‘ 


i 


* How good your brakes are — if brakes are worn or faulty, they won't be able to apply as much 


force as well-maintained brakes, which could be dangerous when you need to brake hard. 4 


You need to be able to describe the factors affecting stopping distance 
and how this affects safety — especially in an emergency. 


For example: Icy conditions increase the chance of skidding (and so increase the stopping 
distance) so driving too close to other cars in icy conditions is unsafe. The longer your 
stopping distance, the more space you need to leave in front in order to stop safely. 


Speed limits are really important because speed affects the stopping distance so much. 


e 
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Stopping distance = thinking distance + braking distance. 


The exam might ask you to give factors, other than speed, which affect thinking or braking 
distances, so make sure you know all the factors that affect each of these and what their effects are. 


Biz 


Reaction times are an important factor in thinking distances. They’re also super easy to test for yourself. 
Read on for a simple experiment you can do in the lab. 


Everyone's reaction time is different, but a typical reaction time is between 
0.2 and 0.9 s and many different factors affect it (see previous page). 


You can do simple experiments to investigate your reaction time, but as reaction times 

are so short, you haven’t got a chance of measuring one with-a stopwatch. One way 

of measuring reaction times is to use a computer-based test (e.g. clicking a mouse 

when the screen changes colour). Another is the ruler drop test. 

Here’s how to carry it out: ruler hanging between 
thumb and forefinger 


Sica 


1) Sit with your arm resting on the edge of a table 
(this should stop you moving your arm up or down 
during the test). Get someone else to hold a ruler so 
it hangs between your thumb and forefinger, lined 
up with zero. You may need a third person to be 


at eye level with the ruler to check it’s lined up. 
2) Without giving any warning, the person holding the | 
ruler should drop it. Close your thumb and finger 
to try to catch the ruler_as quickly as possible. 
f ruler is dropped 
3) The measurement on the ruler at the point ; ; = 
ayers ; without warning 
where it is caught is how far the ruler 


dropped in the time it takes you to react. 
distance 
fallen 


finger in line 


with zero 


4) The longer the distance, the longer the reaction time. 


(the reaction time) because acceleration due to gravity 
is constant (roughly 9.8 m/s”). | 


ruler caught between 


i 
5) You can calculate how long the ruler falls for 


thumb and finger 


; _Exg.say y you ae aM fic at 20 cm. ae p. 105 you Saou oe oer 
—u=0, a= 9.8 m/s? and s = 0.2 m; so: v= ¥2x9.8x0.2+0 2.0 ms to 2 sid 


vis equal to the chan e in ve locity of the ruler. 
: From page. 105 you also know: a= Av tsot=Av: .O + 9.8 = 0.2 s (to 1 s.f.). 
This gives your reaction ti ge 


6) It’s pretty hard to do this experiment accurately, so you should do a lot of repeats. 
The results will be better if the ruler falls straight down — you might want to 
add a blob of modelling clay to the bottom to stop it from waving about. 


7) Make sure it’s a fair test — use the same ruler for each ieueay 
and have the same person dropping it. 
8) You could try to investigate some factors affecting reaction time, e.g. you could introduce 


distractions by having some music playing or by having someone talk to you while the 
test takes place (see the previous page for more on the factors affecting reaction time). 


9) Remember to still do lots of repeats and calculate the mean reaction time with 
distractions, which you can compare to the mean reaction time without distractions. 
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Braking Distances 


So you know the basics of stopping distances now, but how do the brakes actually work to slow down a car? 
Well, it’s all down to friction and transferring energy away from the wheels to the brakes. 


"ie 


1) When the brake pedal is pushed, this causes brake pads to be pressed onto | 
the wheels. This contact causes friction, which causes work to be done. 


soccer 


f 


2) The work done between the brakes and the 
wheels transfers energy from the kinetic energy 
stores of the wheels to the thermal energy stores 
of the brakes. The brakes increase in temperature. 


3) The faster a vehicle is going, the more energy it has in 
its kinetic store, so the more work needs to be done 
to stop it. This means that a greater braking force is 
needed to make it stop within a certain distance. 


CSET ART OEE TERE 


4) A larger braking force means a larger deceleration. Very large 
decelerations can be dangerous because they may cause brakes to 


overheat (so they don’t work as well) or could cause the vehicle to skid. 


LAER SSIES SERIE LOT IEDR EE GE iP SRE DOE ISLES x 


PRE 


You can estimate the braking force required to make a vehicle decelerate and_come to a stop. 
As you're only estimating the force, this is a place where you may well need to use typical values: 


° ° 
P EXAMPLE: ) A car travelling at a typical speed makes an emergency stop 


For a refresher on typical 


to avoid hitting a hazard 25 m ahead. speed values, head back 
Estimate the braking force needed to produce this deceleration. to page 104. 
1) Assume the deceleration is uniform, v=~25 m/s m=~1000 kg. | 


and rearrange v’ — u? = 2as to find the a= (Vv -—w) + 2s=(O? — 254) + (2 * 25) =-125 | 
deceleration. 


2) Then use F = ma, with m = ~1000 kg. F=ma 
F=1000 « 12.5 = 12 500 N, so Fis ~12 500 N 


rr-nerajmoamanrenn meet etree en ter Ae ep eet tee te EA A EP = Penn 


fr \ypical values, always there when you need them... 


Make sure you memorise the typical speed values on page 104. It shouldn’t matter if they’re 
slightly off, but they need to be of roughly the right size, or your calculations won’t make sense. 
If you're asked about a vehicle that you don’t know the typical speed or mass of, try to use those 
you do know as a guide. For example, a bus will have a greater typical mass than a car (1000 kg) 
but a slightly smaller typical speed than a car (25 m/s), as it’s bigger and travels on slower routes. 
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Speed and Stopping Distances 


As you've seen, stopping distance is made up of two components, thinking distance and braking distance. 
‘And there’s one factor which affects both components significantly — your speed. 


70 mph 50 mph 30 mph 


1) The figures on the right for typical stopping distances 
are from the Highway Code. 

2) To avoid an accident, drivers need to leave enough space between 
their car and the one in front so that if they had to stop suddenly 
they would have time to do so safely. ‘Enough space’ means 
the stopping distance for whatever speed they’re going at. 


3) So even at 30 mph, you should drive no closer than 
6 or 7 car lengths away from the car in front. 
Don't forget — things like bad 


4) Speed me Ne really ee because : weather and road conditions wil 
speed affects the stopping distance so much. make sfonning di 
Pping distances even 


longer (see page 116). 


1) Asa car speeds up, thethinking dstance:inoreases atthe 
same rate as speed. The graph is linear (a straight line). 


jeu  - 
Braking distance 


2) This is because the thinking time (how long it takes the driver Fy de 
to apply the brakes) stays pretty constant — but the higher lengths 
the speed, the more distance you cover in that time. 

3) Braking distance, however, increases faster the more 100 


you speed up. The work done to stop the car is equal 
to the energy in the car’s kinetic energy store (Y2mv’). 


So as speed doubles, the kinetic energy increases 


4-fold (27), and so the work done to stop the car 
increases 4-fold. Since W = Fs (p.90) and the braking 


force is constant, the braking distance increases 4-fold. 


4) Stopping distance is a combination of these two 
distances (p.116) so the graph of speed against 


0 20 AD 60s | 
stopping distance for a car looks like this: ee eH: Speed (mph) 
5) You need to be able to interpret graphs like this for a range of vehicles — they’re all a similar shape. 


EXAANPLE: Below is a graph of stopping distance against speed for two vehicles, A and B. 
Compare the stopping distance for both vehicles at a speed of 40 mph. 


80 
60 
40 7 


20 


Stopping Distance (m) 


1) Read off the graph to find WahidBAl sopping Wistante 34m , stopping distance (m) B A 
the stopping distance for Vehicle B stopping distance = 41 m 40 


each vehicle at 40 mph. 30 

2) Find the difference between 41 -—34=7m 20 
these two values. So the stopping distance for vehicle B 10 

is 7 m longer than for vehicle A. 


O 20 40 
speed (mph) 
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Warm-Up & Exam Questions 


Time to apply the brakes for a second and put your brain through an hel sea out these se quesons. 
If you can handle these, your exam should be clear of hazards. Ag sf BOM: | 


Warm-Up Questions _ 


) What is meant by ‘thinking distance’? 

) What must be added to the thinking distance to find the total stopping distance of a car? 

3) Give an example of how poor weather can affect your ability to stop a car before hitting a hazard. 
) 


Describe an experiment you could carry out, using a ruler, 
to measure the reaction time of an individual. 


What energy transfer occurs when a car brakes? 


1 Figure 1 shows how thinking distance and stopping distance vary , “Grade 
with speed for a car travelling on a clear day on a dry road. a, 


Figure 1 
100 BEER 5 


80 


Stopping 
distance 


fo) 
a) 


Distance in m 
iN 
S 


Thinking 
- distance 


N 
jo) 


0 20 40 60 
fis Speed in mph 


1.1 Use Figure 1 to determine the braking distance for a car travelling at 40 mph. 


bee [4 marks] 
1.2 Which is greater at 50 miles per hour, thinking distance or braking distance? 
[1 mark] 
1.3 Using Figure 1, determine whether stopping distance is directly proportional to speed. 
Explain your answer. 
[2 marks] 


1.4 Describe how the shape of each of the graphs on Figure 1 would 
change if the data was taken for a driver travelling on an icy road. 


[2 marks] 
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Momentum 


A large rugby player running very fast has much more momentum than a skinny bloke out for a Sunday 
afternoon stroll. Momentum’s something that all moving objects have, so me better get your head around it. 


SS 
Momentum is mainly about how much ‘oomph’ an object has. It’s a property that all moving objects have. 
1) The greater the mass of an object, or the greater its velocity, the more momentum the object has. 
2) Momentum is a vector quantity — it has size and direction. 


3) You can work out the momentum of an object using: 


p=mv momentum (kg m/s) = mass (kg) x velocity (m/s) 
om 
A 50 kg cheetah is running at 60 m/s. | A boy has a mass of 30 kg and a momentum 
Calculate its momentum. of 75 kg m/s. Calculate his velocity. 
Be esGK60=30D0kg mis | v=p+m=75 +30 


A closed system Is just a 


In a closed system, the total momentum before an event (e.g. a collision) fancy way of saying that 


is the same as after the event. This is called conservation of momentum. 


no external forces act. 


In snooker, balls of the same size and mass collide with each other. Each collision is an event where the 
momentum of each ball changes, but the overall momentum stays the same (momentum is conserved). 


Lone ‘3 The red ball is stationary, so it has zero momentum. The white 
: ee ball is moving with a velocity v, so has a momentum of p = mv. 


The white ball hits the red ball, causing it to move. 
After: (») @- The red ball now has momentum. The white ball 
continues moving, but at a much smaller velocity 
(and so a much smaller momentum). 


The combined momentum of the red and white ball is 
equal to the original momentum of the white ball, mv. 


A moving car hits into the back of a parked car. The crash causes the two cars to lock together, and they 
continue moving in the direction that the original moving car was travelling, but at a lower velocity. 


Before: The momentum was equal to mass of moving car x its velocity. 
After: The mass of the moving object has increased, but its 
momentum is equal to the momentum before the collision. 
So an increase in mass causes a decrease in velocity. 


If the momentum before an event is zero, then the momentum after will also be zero. 
E.g. in an explosion, the momentum before is zero. After the explosion, the pieces fly off in 


different directions, so that the total momentum cancels out to zero. 
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You can use the equation for momentum, along with the conservation of momentum principle, to calcul 
changes in mass and velocity in interactions. It’s all about ‘momentum before = momentum after’. 


You've already seen that momentum is conserved in a closed system (see last page). 
You can use this to help you calculate things 
like the velocity or mass of objects in an event (e.g. a collision). 


PEXANIPLE: Misha fires a paintball gun. A 3.0 g paintball is fired at a velocity The word recoil 


of 90 m/s. Calculate the velocity at which the paintball gun means to move 
recoils if it has a mass of 1.5 kg. Momentum is conserved. backwards, 
1) Calculate the momentum of the pellet. p = 0.003 x 90 = 0.27 kg m/s 
2) The momentum before the gun is fired is zero. 
This is equal to the total momentum Momentum before = momentum after 
after the collision. O=027+ (1.5 *v) 


3) The momentum of the gun is 1.5 x v. 
4) Rearrange the equation to find the velocity 


of the gun. The minus sign shows the gun is v = —(0.27 + 1.5) 
travelling in the opposite direction to the bullet. = -0.18 m/s 


SENT EIEN IG LSND NTIS ATI SISSIES TOES SE SET EEIEDS ETSI TOI 


EXAMPLE 


Two skaters, Skater A and Skater B, approach 
each other, collide and move off together 

as shown in the image on the right. 

At what velocity do they move after the collision? 


1) Choose which direction is positive. 
I'll say “positive” means “to the right”. 


2) Total momentum before collision Momentum before= (80 x 2) + (60 x (—1.5)) 
= momentum of A + momentum of B = 70 kg m/s 
3) Total momentum after collision Momentum after = 140 x v 


= momentum of A and B together 


4) Set momentum before equal to momentum 14Ov= 70, so v= 70 +140 
after, and rearrange for the answer. v= 0.5 m/s to the right 


Momentum questions may need you to analyse a scenario... 


Make sure you read any momentum questions carefully. You need to identify what the objects 
and momentum were before the interaction, and what they are after the interaction. The 
question may not be a scenario you're familiar with, so you'll need to work out what's going on. 
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Changes in Momentum 


When a force acts on an object, it causes the object to change momentum. 
The bigger the force, the faster the change in momentum. And the reverse is true too. 


1) 


/ 
TL. ae 


You know that when a non-zero resultant force acts on a moving object 
(or an object that can move), it causes its velocity to change (p.111). 
This means that there is a change in momentum. 


You also know that F = ma and that a = change in velocity + change in time. 


So F=mx Sas, which can also be written as: 


Change in Equations tell you how variables 
momentum are related. You should be able 
awh (kg m/s) to use them to work out how 
changing one will affect the other. 
Change in 
time (s) 


The force causing the change is equal to the rate of change of momentum. 


A larger force means a faster change of momentum. 


Likewise, if someone’s momentum changes very quickly (like in a car crash), 
the forces on the body will be very large and more likely to cause injury. 


This is why cars are designed to slow people down over a Jonger time when they have a crash 
— the longer it takes for a change in momentum, the smaller the rate of change of momentum, 
and so the smaller the force. Smaller forces mean the injuries are likely to be less severe. 


Cars have many safety features, such as: 
Crumple zones crumple on impact, increasing the time taken for the car to stop. 
Seat belts stretch slightly, increasing the time taken for the wearer to stop. 


Air bags inflate before you hit the dashboard of a car. The compressing air inside 
it slows you down more gradually than if you had just hit the hard dashboard. 


Helmets, e.g. bike helmets contain a crushable layer of foam which 
helps to lengthen the time taken for your head to stop in a crash. 


This reduces the impact on your brain. 


Crash mats and cushioned playground flooring increase the time taken for you to stop if you 
fall on them. This is because they are made from soft, compressible (squishable) materials. 


Many safety features decrease rate of change of momentum... 
Knowledge of the connection between force and the rate of change of momentum has allowed us 
to develop a range of safety features designed to minimise injury in crashes and collisions. This is 
a clear example of science being applied to develop useful new technologies and devices. 
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Warm-Up & Exam Questions 


Here it is, the final hurdle before the end of the topic! Keep up your momentum, and throw rt 
into these questions. You'll be over the finish line before you know it. iE 


Warm-Up Questions _ 


) Calculate the momentum of a 2.5 kg rabbit running through a garden at 10 m/s. 
2) What is meant by the conservation of momentum? 

) What is the total momentum before and after an explosion? 

) How does increasing the time over which an object changes momentum change the force on it? 


An 60 kg gymnast lands on a crash mat. When they hit the crash mat, they are moving at Grade 
5.0 m/s and come to a stop in a period of 1.2 seconds (after which their momentum is zero). No. 


State the equation linking momentum, mass and velocity. 
[1 mark] 

1.2 Calculate the momentum of the gymnast immediately before they hit the crash mat. 

[2 marks] 


1.3. Calculate the size of the average force acting on the gymnast as they land on the crash mat. 
Use the correct equation from the Physics Equation Sheet on the inside back cover. 


[2 marks] 
2 In a demolition derby, cars drive around an arena and crash into each other. ( 6-7) 


2.1 One car has a mass of 650 kg and a velocity of 15.0 m/s. 
Calculate the momentum of the car. 
[2 marks] 
2.2 The car collides head-first with another car with a mass of 750 kg. The two cars stick together. 
Calculate the combined velocity of the two cars immediately after the collision if the other car had a 
velocity of 10.0 m/s before the collision. Give your answer to 3 significant figures. 
[5 marks] 
2.3 The cars have crumple zones at the front of the car that crumple on impact. 
Explain how a crumple zone reduces the forces acting on a driver during a collision. 


[2 marks] 


5! A fast-moving neutron collides with a uranium-235 atom and bounces off. (4rade 
Figure 1 shows the particles before and after the collision. Us 


Figure 1 
BEFORE AFTER 


neutron 


ea 
m,=1 
v, = 14 000 km/s 


m,=1 
v, =—13 000 km/s 


Calculate the velocity of the U-235 atom after the collision. Give your answer to 3 significant figures 
[5 marks] — 
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Revision Summary for Topic 5 


That wraps up Topic 5 — time to put yourself to the test and find out how much you really know. 
‘© Try these questions and tick off each one when you get it right. 
e When you’ve done all the questions under a heading and are completely happy with it, tick it off. 


Forces and Work Done (p.87-91) [. | 
1) Explain the difference between scalar and vector quantities, and contact and non-contact forces. 
What is the formula for calculating the weight of an object? 


What is a free body diagram? 


NAANANAN 


) 
) 

4) Give the formula for calculating the work done by a force. 
) 


Describe the forces acting on an object in equilibrium. 


Stretching and Turning (p.93-98) [| 

6) What is the difference between an elastic and an inelastic deformation? 

7) How do you find the spring constant from a linear force-extension graph? 

8) What is the area under the linear part of a force-extension graph of an object equal to? 

9) How does the moment of a force vary with the distance from the pivot at which the force is applied? 


10) If a seesaw is balanced, what can you say about the moments? 


NAANANAW 


11) What happens to the direction of rotation each time a force is transmitted between gears? 


Pressure (p.100-102) [. ] 
12) State an equation for calculating the pressure at the surface of a fluid. Give the units of pressure. 


Explain why the pressure increases as you go deeper into a column of a liquid. 


QAO 


13) 
14) What causes an object to float? 
15) 


Explain how and why atmospheric pressure varies with height. 


Motion (p.104-114) [.] 

16) What is the difference between displacement and distance? 

17) Define acceleration in terms of velocity and time. 

18) What does the term ‘uniform acceleration’ mean? 

19) What does the gradient represent for: a) a distance-time graph? b) a velocity-time graph? 
20) What is terminal velocity? Why do objects reach terminal velocity? 

21) State Newton's three laws of motion. 

22) What is inertia? 


QOAAAA88H8 


Car Safety and Momentum (p.116-123) [.] 

23) What is the stopping distance of a vehicle? How can it be calculated? 

24) Give two things that affect a person’s reaction time. . 

25) What is an average reaction time? 
: 26) Give two examples of methods that could be used to test a person’s reaction time. 
: 27) State four things that can affect the braking distance of a vehicle. 


SH88e08 


28) Ils momentum a vector or a scalar quantity? 
29) Explain how car safety features use momentum and forces to reduce the risk of injury to passengers. 


:—— 
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Wave Basics 


Waves transfer energy from one place to another without transferring any 
Mo... oe 


matter (stuff). 


When waves travel through a medium, the particles of the medium oscillate and transfer energy between 
each other. BUT overall, the particles stay in the same place — only energy is transferred. 


For example, if you drop a twig into a calm pool of water, ripples form on the water's 
water (or the twig) away with them though. 


surface. The ripples don’t carry the 
Similarly, if you strum a guitar string and create sound waves, the sound waves don’t 


carry the air away from the guitar and create a vacuum. 


2) The wavelength is the distance between the same point on two adjacent waves 
(e.g. between the trough of one wave and the trough of the wave next to it). 


—ferest 


wavelength, A > 
foe se eestor 
Distance 


On 
wavelength, 2 | 
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Displacement 


3) Frequency is the number of complete waves passing a certain point per second. 
Frequency is measured in hertz (Hz). 1 Hz is 1 wave per second. 

The period of a wave is the amount of time it takes for a full cycle of the wave to pass a point. 

You can find it from the frequency of the wave using the formula: 


Period (s) 
Frequency (Hz) 


The only thing a wave transfers is energy... 
It’s really important that you understand this stuff really well, or the rest of this topic will simply 


be a blur. Make sure you can sketch the wave diagram above and can label all the features from 
memory. Then check you know all the definitions and the equation linking period and frequency. 
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Transverse and Longitudinal Waves 


All waves are either transverse or longitudinal. Read on to find out more... 


In transverse waves, the oscillations (vibrations) are perpendicular (at 90°) to the direction of energy transfer. 
A spring wiggled from side to side gives a transverse wave: 


Vibrations from | 
side to side 
Wave ; 
Tt is travelling | 
this way | 
Most waves are transverse, including: 1) All electromagnetic waves, e.g. light (page 136). 


2) Ripples and waves in water (page 128). 
3) A wave on a string (page 129). 


Water waves, shock waves and 
waves in springs and ropes are all 
examples of mechanical waves. 


In longitudinal waves, the oscillations are parallel to the direction of energy transfer. 
If you push the end of a spring, you get a longitudinal wave. 


pte eons 


AVIV in 
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‘compressions 


Vibrations in 
same direction 


as wave is 
travelling 


Other examples of longitudinal waves are: 1) Sound waves in air, ultrasound. 
2) Shock waves, e.g. some seismic waves (see page 155). 


The wave speed is the speed at which energy is being transferred (or the speed the wave is moving at). 
The wave equation applies to all waves: 


Wavelength (m) : 
Wave speed (m/s) 
F (Hz) 


requency 
? 


LE: 
EXAME A radio wave has a frequency of 12.0 x 10° Hz. Find its wavelength. 


(The speed of radio waves in air is 3.0 x 10° m/s.) 


: 1) To find A, you need to rearrange the equationv=fA. jA=v-+f 
2) Substitute in the values for v and f to calculate A. = (3.0 x 10°) + (12.0 x 10°) = 25 m 
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Experiments with Waves 


Measuring the speed of waves isn’t that simple. It calls for crafty methods... 


SS ees 


By attaching a signal generator to a speaker you can generate sounds with a specific frequency. 
You can use two microphones and an oscilloscope to find the wavelength of the sound waves generated. 


1) Set up the oscilloscope so the detected waves at each microphone are shown as separate waves. 


2) Start with both microphones next to the 
speaker, then slowly move one away until microphones oscilloscope 
the two waves are aligned on the display, but 
have moved exactly one wavelength apart. () 


waves line up 


Measure the distance between the 


speaker attached 
microphones to find one wavelength (A). 


to signal generator 


4) You can then use the formula v = fA (see last page) to find the speed The speed of sound in air is 
(v) of the sound waves passing through the air — the frequency (f) is around 330 m/s, so check your 


whatever you set the signal generator to (around 1 kHz is sensible). results roughly agree with this 


Using a signal generator attached to the dipper of a ripple tank, Peer ace 
| PRACT] een 
you can create water waves at a set frequency. LPRACTICAL | 
1) Dim the lights and turn on the lamp — you'll 


see a wave pattern made by the shadows of the _ 


wave crests on the screen below the tank. mg 
id tee vail. Se etree me ee 


dipper dips in 

and out of the 
water producing 
~ ripples 


line is equal — 


2) The distance between each shadow 
to one wa 2 easul 


shadows cast by 
ripples on screen 
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Experiments with Waves 


_ One more wave experiment coming up. This time, it’s to do with waves on strings. 


In this practical, you create a wave on a string. Again, you use a signal generator, but this 
time you attach it to a vibration transducer which converts the signals to vibrations. 


1) Set up the equipment shown below, then turn on the signal 
generator and vibration transducer. The string will start to vibrate. 


vibration 
transducer 


This set-up is suitable for 
investigating waves on a 
string because it's easy 
to see and measure the 

wavelength (and frequency). 


2) You can adjust the frequency setting on the signal generator to change the length 
of the wave created on the string. You should keep adjusting the frequency of the 
signal generator until there appears to be a clear wave on the string. This happens 
when a whole number of half-wavelengths fit exactly on the string (you want at least 
four or five half-wavelengths ideally). The frequency you need will depend on the 
length of string between the pulley and the transducer, and the masses you've used. 


this is the length of 


3) You need to measure the wavelength of the —__‘half-wavelengths 
wave. The best way to do this accurately is to 
measure the length of all the half-wavelengths 
on the string in one go, then divide by the 
total number of half-wavelengths to get the 
mean half-wavelength (see p.8 for more on 

calculating the mean). You can then double when you hit the right 
this value to get a full wavelength. frequency, the string will look 
something like this 


4) The frequency of the wave is whatever the signal generator is set to. | 


5) You can find the speed of the wave using v = fA. 
r ‘ * 


fe earn the methods for all these practicals... 
These experiments seem complicated, but they all have a few things in common. First, you set 


wa the frequency on the signal generator, then find the length of the resulting wave (this tends to be 
the fiddly bit). You can then use the equation v = fA to find the wave speed. That's about it. 
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Reflection 


You should be pretty familiar with the idea of reflection. Of course, there’s a bit more too it than you'd think. 


When waves arrive at a boundary between two different materials, three things can happen: 
1) The waves are absorbed by the material the wave is trying to cross into — this transfers 
energy to the material’s energy stores (this is how a microwave works, see page 138). 


2) The waves are transmitted — the waves carry on travelling through the new material. 
This often leads to refraction (see the next page). 


3) The waves are reflected — there’s more on this below. 


What actually happens depends on the wavelength of the wave and the properties of the materials involved. 


1) There’s one simple rule to learn for all reflected waves: A ray is a line showing the path a wave travels in. 


It's perpendicular to a wave's wave fronts (see p.131). 
Angle of incidence = Angle of reflection Rays are always drawn as straight lines. 


normal Ay 
2) The angle of incidence is the angle between Incoming ray reflected ray 
the incoming wave and the normal. 


3) The angle of reflection is the angle between 
the reflected wave and the normal. angle of 
incidence 


angle of 
——= reflection 


4) The normal is an imaginary line that’s perpendicular 
(at right angles) to the surface at the point of incidence FRE ni KR” ieee 
(the point where the wave hits the boundary). pene Za point of incidence 


5) The normal is usually shown as a dotted line. 


1) Waves are reflected at different 
boundaries in different ways. 
(There’s an investigation on this on page 133.) incoming ee ____ feflected rays 


Specular reflection 


2) Specular reflection happens when a wave ————=— 
is reflected in a single direction by a 
smooth surface. E.g. when light is reflected 
by a mirror you get a nice clear reflection. 


smooth 
surface 


Diffuse reflection 


3) Diffuse reflection is when a wave is reflected by a 


rough surface (e.g. a piece of paper) and the reflected 
rays are scattered in lots of different directions. 


4) This happens because the normal is different for 
each incoming ray, which means that the angle of 
incidence is different for each ray. The rule of angle 
of incidence = angle of reflection still applies. 

5) When light is reflected by a rough surface, 
the surface appears matte (not shiny) and 
you don’t get a clear reflection of objects. 


reflected rays are scattered 
Incoming rays in all directions 


rough surface 


BUT — angle of incidence still equals 
angle of reflection. 
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Refraction is when light waves are bent when they enter a new media (which is a posh word for material). 


“as a = 


1) When a wave crosses a boundary between materials at an angle, it changes direction — it’s refracted. 
2) How much it’s refracted by depends on how much the wave speeds up or 

slows down, which usually depends on the density of the two materials 

(usually the higher the density of a material, the slower a wave travels through it). 


See page 136 for more 
3) Ifa wave crosses a boundary and slows down it will bend towards the normal. on different waves. 


If it crosses into a material and speeds up it will bend away from the normal. 


4) The wavelength of a wave changes when it is refracted, but the frequency stays the same. 
5) If the wave is travelling along the normal it will change speed, but it’s NOT refracted. 


If a light wave hits the boundary ‘face on’, But if a wave meets a different medium at an angle... 
it carries on in the same direction. 


er Pee 
Bi Geane 


The wave fronts being closer together shows a change in wavelength (and so a change in velocity). 


ee a 


] Massa) 
changes direction — it's been REFRACTED. 


ts 


... the wave 
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6) The optical density of a material is a measure of how quickly light can travel through 
it — the higher the optical density, the slower light waves travel through it. 


1) First, draw the boundary between your two materials incoming ray or 
and the normal (a line at 90° to the boundary). ola 


2) Draw an incident ray that meets the normal at the 
boundary. The angle between the ray and the normal 

is the angle of incidence. (If you're given this angle, 

make sure to draw it carefully with a protractor.) 


normal 


3) Now draw the refracted ray on the other side of the boundary. 
If the second material is optically denser than the first, the refracted 
ray bends towards the normal (like on the right). The angle between 
the refracted ray and the normal (the angle of refraction) is smaller 


than the angle of incidence. If the second material is less optically 
dense, the angle of refraction is larger than the angle of incidence. 


angle of 
refraction 


refracted ray 


Hitting a boundary at an angle leads to refraction... 
If you can’t remember which way a wave bends when it hits an optically denser material at an 


angle, imagine a skier skiing from some nice smooth snow onto some rough ground at an angle. 
The ski hitting the rough ground first slows down first, so they will swing towards that side. 
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Investigating Light 


This is the first of two investigations in this topic that you'll come across. They‘re both to do with 


the behaviour of light. For both of them, you'll need a ruler, protractor and a nice sharp pencil. 


Both this experiment and the one on the next page use rays of light, so it’s best to 
do these experiments in a dim room so you can clearly see paths of the rays of light. 


1) 


2) They also both use either a ray box or a laser to produce thin rays of light. This is so you can trace 
the paths of the rays more accurately, meaning more exact angle measurements. 


The boundaries between different substances refract light by different amounts. You can investigate 
this by looking at how much light is refracted when it passes from air into different materials. 


1) Place a transparent rectangular block on a piece of paper and trace around it. 
Use a ray box or a laser to shine a ray of light at the middle of one side of the block. 


ray box A transparent rectangular block of material 


emerging ray 


2) Irace the incident ray and mark where the light ray emerges on the other side of 
the block. Remove the block and, with a straight line, join up the incident ray 
and the emerging point to show the path of the refracted ray through the block. 


incident 
3) Draw the normal at the point where the ray 
light ray entered the block. 
Use a protractor to measure the 
angle between the incident ray and 
the normal (the angle of incidence, /) and 
the angle between the refracted ray and 


the normal (the angle of refraction, R). 


4) Repeat this experiment using rectangular blocks made from different 
materials, keeping the incident angle the same throughout. 


refracted 
ray 


ye, (qa 
You should find that the angle of refraction changes for different materials Mish in| 
— this difference is due to their different optical densities (see previous page). a 
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Investigating Light 


You've met reflection before — in daily life (every time you look in a mirror for example), and in more physicsy 
terms on page 130. Well, here’s an investigation into reflection. It doesn’t get much more fun that this. 


This investigation allows you to compare how different surfaces reflect light, 
as well as confirming the rule for reflection given on page 130. 


1) Take a piece of paper and draw a straight line across it. | 
Place an object so one of its sides lines up with this line. 


For a refresher on reflection, 
go back to page 130. 


2) Shine a ray of light at the object's surface , 
and trace the incoming and reflected light beams. | 
; 


SEAR i DREN NIE 


ray box 


normal 
reflected ray 


incident ray 


angle of incidence angle of reflection 


== object 


3) Draw the normal at the point where the ray hits the object. 
Use a protractor to measure the angle of incidence 

and the angle of reflection and record these values 

ina table. Also make a note of the width and 

brightness of the reflected light ray. 


4) Repeat this experiment for a range of objects. | 


You should also see that smooth surfaces like mirrors give clear reflections (the reflected ray 


is as thin and bright as the incident ray). Rough surfaces like paper cause diffuse reflection 
(p.130) which causes the reflected beam to be wider and dimmer (or not observable at all). 
You should also find that: 


The angle of incidence ALWAYS equals the angle of reflection. 


It’s good to repeat this investigation, and the one on the previous page, just in case anything weird 
happened. You could have set up the experiment wrong, or you might just have read the wrong 
number off the protractor. Having repeat results will make these odd results easy to spot. 


a Check your results are repeatable... 
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Describe the direction of vibrations in a longitudinal wave. 
2) Give the formula for calculating the speed of a wave. 

3) Outline a method you could use to measure the speed of water waves in a ripple tank. 

4) True or false? A wave entering a new medium along the path of the normal won't be refracted. 
How could you compare the refraction of light through two transparent blocks? 


i Figure 1 shows a graph /éraas ee ean i 
4.6 LOaES $ 

of a water wave. = 3 

5 7 

: F 

8 Distance (m) _ E 

[on Y 

1.1. State whether water waves 5 5 F 
are transverse or longitudinal. Kf 

4 


[1 mark] 
1.2. Give the amplitude of this wave. 

[1 mark] 
1.3. Find the wavelength of this wave. 

[1 mark] 


1.4 Ifthe frequency of the wave doubles but its speed stays 
the same, describe what will happen to its wavelength. 


[1 mark] 


Figure 2 shows a student looking at a pencil from behind a screen using a plane mirror. { 4-6 


Figure 2 
mirror 


student’s eye 


State the type of reflection that occurs in Figure 2 as light is 
reflected from the pencil tip to the student’s eye. 
[1 mark] 


2.2 Complete the ray diagram in Figure 2 to show how the light reflected by the tip of the 
pencil travels to the student’s eye. 


Mark the angle of incidence and the angle of reflection. 
[3 marks] 


Exam Questions 


Figure 3 


1 division = eae 
7 


[1 mark] 


oscilloscope screen. It is a displacement-time graph, which (6-7 


3 Figure 3 shows a trace representing a sound wave on an @® 
shows the displacement of a single particle as time passes. 


3.1 The particle shown by the wave on Figure 3 is at its 
undisturbed (rest) position at T = 0 seconds. 
At what time will it next cross the undisturbed position? 


[2 marks] 


3.2 What quantity does the distance marked X represent? 
Tick one box. 


amplitude i frequency wi period ae 


3.3. Calculate the frequency of the wave. 


D 


i 


[4 marks] 


Figure 4 shows how an oscilloscope can be used to display sound waves by (Gad 
connecting microphones to it. Trace 1 shows the sound waves detected by ( 6-7) 
microphone | and trace 2 shows the sound waves detected by microphone 2. “™ 


Figure 4 


microphone 1 microphone 2 


NSN Trace 2 


oscilloscope 


A student begins with both microphones at equal distances from the speaker and the signal generator 
set at a fixed frequency. He gradually moves microphone 2 away from the speaker, which causes 
trace 2 to move. He stops moving microphone 2 when both traces line up again as shown in Figure 4. 
He then measures the distance between the microphones. 


re om Explain how his measurement could be used to work out the speed of sound in air. 


[2 marks] 


4.2 With the signal generator set to 50 Hz, the distance between the microphones was measured as 6.8 m. 
Calculate the speed of sound in air. Give the correct unit. 


[3 marks] 


PRACTICAL 


5 Figure 5 shows a ray of red light entering a glass prism. Figure 5 


5.1 Complete the diagram to show the ray passing setts 
through the prism and emerging from the other side. 
Label the angles of incidence, /, and refraction, R, 
for both boundaries. ? 
[3 marks] 


5.2 Describe an experiment that could be carried 


: incident ra’ 
out to measure / and R at both boundaries. Y 


[4 marks] 
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Electromagnetic Waves and Uses of EM Waves 


The differences between types of electromagnetic (EM) waves make them useful to us in different ways. 


1) All EM waves are transverse waves (p.127) that transfer energy Electromagnetic waves aren't vibrations 
from _a source to an absorber. E.g. a hot object transfers energy by of particles, they're vibrations of electric 
emitting infrared radiation, which is absorbed by the surrounding air. and magnetic fields. This means they 


can travel through a vacuum. 


2) All EM waves travel at the same speed through air or a vacuum (space). 


3) Electromagnetic waves form a continuous spectrum over a range of frequencies. 
They're grouped into seven basic types, based on their wavelength and frequency. 


RADIO | M ; MMA 
WAVES | W YS | Wavelength 
10°m | 107m Zi 


—- bmn 
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INCREASING FREQUENCY AND DECREASING WAVELENGTH 


4) There is such a large range of frequencies because EM waves are generated by a variety of changes 
in atoms and their nuclei. E.g. changes in the nucleus of an atom creates gamma rays (p.75). 
This also explains why atoms can absorb a range of frequencies — each one causes a different change. 


5) Because of their different properties, different EM waves are used for different purposes. 


> Made by O 
z Head On Over to page 52 


1) EM waves are made up of oscillating electric and magnetic fields. for more on ac, 


2) Alternating currents (ac) (p.52) are made up of oscillating charges. As the charges 
oscillate, they produce oscillating electric and magnetic fields, i.e. electromagnetic waves. 


3) The frequency of the waves produced will be equal to the frequency of the alternating current. 


4) You can produce radio waves using an alternating current in an electrical circuit. 
The object in which charges (electrons) oscillate to create the radio waves is called a transmitter. 


5) When transmitted radio waves reach a receiver, the radio waves are absorbed. 


6) The energy transferred by the waves is transferred to the electrons in the material of the receiver. 


7) This energy causes the electrons to oscillate and, if the receiver is part 
of a complete electrical circuit, it generates an alternating current (p.52). 


8) This current has the same frequency as the radio waves that generated it. 
electrons oscillate EM waves are absorbed 


and produce transmitter een and cause electrons in 
EM waves the receiver to oscillate 


anne cma 
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emitted radio waves 
transfer energy 


ac supplied (shown ac is produced in 
on an oscilloscope the receiver 
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Uses of EM Waves 


Radio waves and microwaves are both types of EM waves, and they’re both used for communications. 
Their exact properties determine which sort of communications they’re used for. 


sw 


) Radio waves are EM radiation with 
wavelengths longer than about 10 cm. 


short-wave 
signals reflect off 
the ionosphere 


long-wave signals 
diffract (bend) 
around the Earth 


2) Long-wave radio waves (wavelengths 
of 1 —10 km) can be transmitted from 


London, say, and received halfway 
round the world. That’s because long 
wavelengths diffract (bend) around the 
curved surface of the Earth. Long-wave 
radio wavelengths can also diffract 
around hills, into tunnels and all sorts. 


\ 


FM radio and TV J 
3) This makes it possible for radio signals signals must be 


to be received even if the receiver isn’t in line of sight 
in line of the sight of the transmitter. 
4) Short-wave radio signals (wavelengths of about 10 m— 100 m) can, like long-wave, be received 


at long distances from the transmitter. That’s because they are reflected (see p.130) from 
the ionosphere — an electrically charged layer in the Earth’s upper atmosphere. 


5) Bluetooth® uses short-wave radio waves to send data over short distances between devices 
without wires (e.g. wireless headsets so you can use your phone while driving a car). 


6) Medium-wave signals (well, the shorter ones) can also reflect from the 
ionosphere, depending on atmospheric conditions and the time of day. 


7) The radio waves used for [V_and FM radio transmissions have very short wavelengths. To get reception, 
you must be in direct sight of the transmitter — the signal doesn’t bend or travel far through buildings. 


Communication to and from satellites (including satellite TV signals and satellite phones) uses microwaves. 
But you need to use microwaves which can pass easily through the Earth’s watery atmosphere. 


For satellite TV, the signal from a 
transmitter is transmitted into space... 


microwaves sent 


back to Earth 
A 


.. where it’s picked up by the satellite 
receiver dish orbiting thousands of kilometres 
above the Earth. The satellite transmits the 
signal back to Earth in a different direction... 


.. where it’s received by a satellite dish on the 
ground. There is a slight time delay between 
the signal being sent and received because of 


the long distance the signal has to travel. 
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Uses of EM Waves 


Each type of EM wave covers a spectrum of wavelengths and frequencies itself. So the properties of, say, a 
microwave from one end of the range may differ from those of a microwave from the other end of the range. 


1) In communications, the microwaves used need to 


pass through the Earth’s watery atmosphere. 


2) In microwave ovens, the microwaves need to be absorbed 
by water molecules in food — so they use a different 
wavelength to those used in satellite communications. 


3) The microwaves penetrate up to a few centimetres into the food 
before being absorbed and transferring the energy they are carrying 
to the water molecules in the food, causing the water to heat up. 


4) The water molecules then transfer this energy to the rest of the 
molecules in the food by heating — which quickly cooks the food. 


1) Infrared (IR) radiation is given out by all objects 
— and the hotter the object, the more IR radiation it gives out. 


2) Infrared cameras can be used to detect infrared radiation and monitor temperature. 
The camera detects the IR radiation and turns it into an electrical signal, 
which is displayed on a screen as a picture. The hotter an object is, the brighter it appears. 
E.g. energy transfer from a house’s thermal energy store can be detected using infrared cameras. 


j 
Different colours represent | 
different amounts of IR radiation | 
being detected. Here, the redder 
the colour, the more infrared 
radiation is being detected. 


1) Absorbing IR radiation causes objects to get hotter. 
Food can be cooked using IR radiation — the temperature of the food increases 
when it absorbs IR radiation, e.g. from a toaster’s heating element. 


2) Electric heaters heat a room in the same way. Electric heaters contain a long piece of wire that heats up 
when a current flows through it. This wire then emits lots of infrared radiation (and a little visible light 
— the wire glows). The emitted IR radiation is absorbed by objects and the air in the room — energy is 
transferred by the IR waves to the thermal energy stores of the objects, causing their temperature to increase. 


The uses of EM waves depend on their properties... 


Differences in wavelength, frequency and energy between types of EM wave give them different properties. 
For example, some types of EM wave are very harmful (see page 140). Luckily, radio waves are considered 
safe to beam round the world. IR radiation is generally fairly safe, although too much of it will burn you. 
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Uses of EM Waves | 


Here are just a few more uses of EM waves — complete with the all-important reasons why they’re used. 


1) Optical fibres are thin glass or plastic 
fibres that can carry data (e.g. from 


telephones or computers) over long 
distances as pulses of visible light. 


(* 


light ray 
2) They work because of reflection (p.130). —— .: bouncing 
The light rays are bounced back and forth back and 


until they reach the end of the fibre. f- forth along 
cladding to thAttibre 
protect fibre 


3) Light is not easily absorbed or 
scattered as it travels along a fibre. 


1) Fluorescence is a property of certain chemicals, where ultra-violet (UV) radiation is absorbed and 
then visible light is emitted. That’s why fluorescent colours look so bright — they actually emit light. 


2) Fluorescent lights generate UV radiation, which is absorbed and re-emitted as visible light 
by a layer of phosphorus on the inside of the bulb. They’re energy-efficient (p.28) 
so they're good to use when light is needed for long periods (like in your classroom). 


3) Security pens can be used to mark property with your name (e.g. laptops). Under UV light the ink will 
glow (fluoresce), but it’s invisible otherwise. This can help the police identify your property if it’s stolen. 


4) Ultraviolet radiation (UV) is produced by the Sun, and exposure to it is what gives people a suntan. 


5) When it’s not sunny, some people go to tanning salons where UV lamps are 
used to give them an artificial suntan. However, overexposure to UV radiation 


can be dangerous (fluorescent lights emit very little UV — they’re totally safe). 


There's more on the 
dangers of U Vien p.140 


1) Radiographers in hospitals take X-ray ‘photographs’ 
of people to see if they have any broken bones. 


2) X-rays pass easily through flesh but not so easily through denser 


material like bones or metal. So it’s the amount of radiation 
that’s absorbed (or not absorbed) that gives you an X-ray image. 


3) Radiographers use X-rays and gamma rays to treat people with 
cancer (radiotherapy). This is because high doses of these rays 
kill all living cells — so they are carefully directed towards 

oo a ee cancer cells, to avoid killing too many normal, healthy cells. 

Tah oe cca image. 4) Gamma radiation can also be oe as a medical tracer 


The plate starts off all white. (p.83) — this is where a gamma-em urce is injected 
into the patient, and its progress is followed around the 
body. Gamma radiation is > well suited to = 


There's more on nt eed throus ugh the body 


gamma rays on p./5. 


The brighter bits are where 
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Dangers of Electromagnetic Waves 


Okay, so you know how useful electromagnetic radiation can be — well, it can also be pretty dangerous. 


1) When EM radiation enters living tissue, like you, it’s often harmless, but sometimes it creates 
havoc. The effects of each type of radiation are based on how much energy the wave transfers. 
2) Low frequency waves, like radio waves, don’t transfer much energy 
and so mostly pass through soft tissue without being absorbed. 


3) High frequency waves like UV, X-rays and gamma rays all transfer 
lots of energy and so can cause lots of damage. 


4) UV radiation damages surface cells, which can lead to sunburn and cause skin to age prematurely. 
Some more serious effects are blindness and an increased risk of skin cancer. 


5) X-rays and gamma rays are types of ionising radiation. (They carry enough energy to 
knock electrons off of atoms.) This can cause gene mutation or cell destruction, and cancer. 


1) Whilst UV radiation, X-rays and gamma rays can all be harmful, they are also 


very useful (see pages 83 and 139). Before any of these types of EM radiation are 


used, people look at whether the benefits outweigh the health risks. Risdiatio a dace tae pe 
2) For example, the risk of a person involved in a car accident then developing calculated for all types of 

cancer from having an X-ray photograph taken, is much smaller than the radiation, not just UV, X-rays 

potential health risk of not finding and treating their injuries. and gamma rays. 


3) Radiation dose (measured in sieverts) is a measure of the 
risk of harm from the body being exposed to radiation. 


4) This is not a measure of the total amount of radiation that has been absorbed. 
5) The risk depends on the total amount of radiation absorbed and how harmful the type of radiation is. 
6) Asievert is pretty big, so you'll often see doses in millisieverts (mSv), where 1000 mSv = 1 Sv. 
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A CT scan uses X-rays and a computer to build up 
a picture of the inside of a patient’s body. The table 
shows the radiation dose received by two different 
parts of a patient’s body when having CT scans. 


Radiation dose (mSv) 
[Head | PRO | 
| &chest "|" Se 


If a patient has a CT scan on their chest, they are four times more likely to suffer damage to 
their genes (and their added risk of harm is four times higher) than if they had a head scan. 


The risks and benefits of radiation exposure must be balanced... 
lonising radiation can be dangerous, but the risk can be worth taking. From 1920-1970, X-ray machines 


were installed in shoe shops for use in shoe fittings. But when people realised radiation was harmful, they 
were phased out. The risks far outweighed the benefits of using X-rays rather than tape measures... 
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The e’s quite a few different sorts of electromagnetic waves — and you never know which ones might 
‘co me BUP in the exaines 3 - So ebeeeuhich: you ‘re still a bit hazy on with these questions. 
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Which type of EM wave has the highest frequency? 
Explain how an alternating current produces radio waves. 
Explain how microwaves heat food. 

What are optical fibres used for in phone lines? 

Why is ionising radiation dangerous? 


EM radiation can be harmful but also useful. 


Give one practical use of ultraviolet radiation. 

[1 mark] 
Give one hazard associated with ultraviolet radiation. 

[1 mark] 
Gamma rays can be used in medical tracers to check that your body is working correctly. 
Explain how medical tracers work. 

[3 marks] 

Explain why gamma rays are suitable for use in medical tracers. 

[1 mark] 


Gra 
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signal. There is a receiver for the signal inside the house. 
There is a mountain between the transmitter and the house. 


Figure 1 shows a transmitter which is transmitting a communications @ 
ie 


Figure 1 


transmitter 


Explain why radio waves would be more suitable than light to send the transmission. 
[2 marks] 
The home owner decides to get satellite TV installed. J 
State what type of electromagnetic radiation is used to send signals to palais 
and explain why it is suitable. 4 


- 


[2 marks] 


Describe how satellite TV signals are transmitted from 
a transmitter on the ground to the house. 
[2 marks] 
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lens. Be ready for lots of diagrams on the next few pages. 


Lenses form images by refracting light (p.131) and changing its direction. There are two main types 
of lens — convex and concave. They have different shapes and have opposite effects on light rays. 


1) A convex lens bulges outwards. It causes rays of light parallel to 
the axis to be brought together (converge) at the principal focus. 


Convex lenses are also 


called converging lenses, 


2) Aconcave lens caves inwards. and concave lenses are 
It causes rays of light parallel to axis to spread out (diverge). also called diverging lenses 


3) The axis of a lens is a line passing through the middle of the lens. 


4) The principal focus of a convex lens is where rays hitting the lens parallel to the axis all meet. 


5) The principal focus of a concave lens is the point where rays hitting the 
lens parallel to the axis appear to all come from — you can trace them 
back until they all appear to meet up at a point behind the lens. 


The difference between real 
and virtual is explained on 


6) There is a principal focus on each side of the lens. The distance from the next page 


the centre of the lens to the principal focus is called the focal length. 


Convex Lens ‘ Concave Lens : 


focal length 


principal focus Pan | 
You need to make sure you can draw proper ray diagrams to show 
how convex and concave lenses differ — see pages 143-144. 


1) An incident ray parallel to the axis refracts through the lens 
and passes through the principal focus on the other side. An example ray diagram 


for a convex lens is on 


2) An incident ray passing through the principal focus 


refracts through the lens and travels parallel to the axis. the next page 


3) An incident ray passing through the centre of the lens carries on in the same direction. 


2 SOI 2 ES SIT OEE TIT al IE IE EES Se ee ae ea 


1) An incident ray parallel to the axis refracts through the lens, 


and travels in line with the principal focus The neat thing about these rules is that 
(so it appears to have come from the principal focus). they allow you to draw ray diagrams 
ara : without bending t ; 
2) An incident ray passing through the lens towards the principal neunal Peweys as ttey-geciiig 


the lens and as they leave the lens. 


focus refracts through the lens and travels parallel to the axis. You can draw the diagrams as if each 
S IT eac ray 


3) An incident ray passing through the centre only changes direction once, in the 
of the lens carries on in the same direction. middle of the lens (see next page). 
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Images and Ray Diagrams 


This page is about real and virtual images and how to draw a ray diagram for a convex lens. 


real image 
on screen 


1) A real image is where the light from an object comes together 
to form an image on a ‘screen’ — like the image formed 


on an eye’s retina (the ‘screen’ at the back of an eye). 


2) A virtual image is when the rays are diverging, so the light from the 
object appears to be coming from a completely different place. 

3) When you look in a mirror you see a virtual image of your face 
— because the object (your face) appears to be behind the mirror. 


4) You can get a virtual image when looking at an object a atiital 
through a magnifying lens (see p.144) — the virtual image 


image looks bigger than the object actually is. 
5) To describe an image properly, you need to say 3 things: 


e How big it is compared to the object. 


e¢ Whether it’s upright or inverted ke down) 
relative to the object. 


e Whether it’s real or virtual. 


In ray diagrams, this 


1) Pick a point on the top of the object. Draw a ray going 
from the object to the lens parallel to the axis of the lens. 


represents a convex lens. 


2) Draw another ray from the top of the object 
going right through the middle of the lens. 


3) The incident ray that’s parallel to the axis is refracted 
through the principal focus (F) on the other side of the lens. 
Draw a refracted ray passing through the principal focus. 

4) The ray passing through the middle of the lens doesn’t bend. 

5) Mark where the rays meet. That’s the top of the image. 

6) Repeat the process for a point on the bottom of the 
object. When the bottom of the object is on the 
axis, the bottom of the image is also on the axis. 


If you really want to draw a third incident ray passing through the principal focus on the 
way to the lens, you can (refract it so that it goes parallel to the axis). 


1) An object at 2F will produce a real, inverted image the same size as the object, and at 2F. 


) Between F and 2F it’ll make a 

real, inverted image bigger than 

the object, and beyond 2F. 

An object nearer than F will 

make a virtual image that is 
bigger than the object 

and on the same side of the lens. 
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Concave Lenses and Magnification 


Now for concave lenses and a handy equation — the magnification formula. 


an Image 
1) Pick a point on the top of the object. Draw a ray going In ray diagrams, this 
from the object to the lens parallel to the axis of the lens. represents a concave lens. 


2) Draw another ray from the top of the object 
going right through the middle of the lens. 

3) The incident ray that’s parallel to the axis is refracted so it 
appears to have come from the principal focus. Draw a ray from 
the principal focus. Make it dotted before it reaches the lens. 


4) The ray passing through the middle of the lens doesn’t bend. 


5) Mark where the refracted rays meet. 
That's the top of the image. 

6) Repeat the process for a point on the bottom of the 
object. When the bottom of the object is on the axis, 
the bottom of the image is also on the axis. 


image7 


Unlike a convex lens, a concave lens always produces a virtual image. The image is upright, smaller | 
than the object and on the same side of the lens as the object — no matter where the object is. a | 


SASSER UTR AR RTT OAT TOS 


ating a magnified virtual image (see previous page). 
1) The object being magnified must be 
closer to the lens than the focal length. 


Magnifying glasses work by cre 


2) Since the image produced is a virtual image, 
the light rays don’t actually come from 
the place where the image appears to be. 
3) Remember “you can’t project a virtual image 
onto a screen” — that’s a useful phrase to use 
in the exam if they ask you about virtual images. 


4) You can use the magnification formula to work out the 
magnification produced by a lens at a given distance: 


image height Magnification is a ratio, so it doesn't have any units. 
——————___—__——_ This means so long as the units are the same, you can 
measure the heights in whatever units you like. 


magnification = 


object height 


PEXAANPLE: | A coin with diameter 14 mm is placed behind a magnifying lens. You can also find the 
The virtual image produced has a diameter of 35 mm. magnification by dividing 
What is the magnification of the lens at this distance? the distance between the 
image and the lens by 
the distance between the 
object and the lens. 


magnification = image height + object height = 35 + 14 = 2.5 


You get a virtual image when light rays diverge... 


... like when they come through a concave lens. The image appears to be at the point where the diverging 
rays seem to have come from. Ray diagrams just take a bit of practice. It’s the only way to master them. 
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Visible Light 


We see light all of the time. But it’s a bit more complicated than you might have thought. 


1) As you saw on page 136, EM waves cover a very large spectrum. We can only see a tiny part of this 
— the visible teal eae Ue isar HL eof obwavclenams th Ht we pee ewe as : different colours. 


PEA ETT BL ORLY TRE EER BCT IESE ET ET 


2) Each colour has its own narrow range of wavelengths (and frequencies) 
ranging from violets down at 400 nm ree to weds at 700 nm. 


SERENE STATE Pe DADE ELE OE LEER ISLE TE BANE PEF MONS 


3) a. ee of these oo allow us to see even more shades, e.g. red and blue ie nas 


1) Different objects pupae transmit and eitect different ny eleneih of Flight i in different ways (p.130). 


2) Opaque objects are objects that do not transmit light. When visible light 
waves hit them, they absorb some wavelengths of light and reflect others. 


3) The colour of an opaque object depends on which wavelengths of light are most strongly reflected. 
E.g. a red apple appears to be red because the wavelengths corresponding to the red part of 
the visible spectrum are most strongly reflected. The other wavelengths of light are absorbed. 


White light (a combination | 
of colours) hits the apple... | 


ETS PLE TO LE HL LENT ETE NE EK ENO ET 


..red light is reflected — all other colours 
are ee The cS ee red. 


4) For opaque objects that aren’t a primary colour, they may be reflecting either the 
wavelengths of light corresponding to that colour OR the wavelengths of the primary 
colours that can mix together to make that colour. So a banana may look yellow 


because it’s reflecting yellow light OR because it’s reflecting both red and green light. 
5) White objects reflect all of the wavelengths of visible light equally. 


6) Black objects absorb all wavelengths of visible light. 
Your eyes see black as the lack of any visible light (i.e. the lack of any colour). 


7) Transparent (see-through) and translucent (partially see-through) objects transmit light, i.e. not 
all light that hits the surface of the object is absorbed or reflected — some can pass through. 


8) Some wavelengths of light may be absorbed or reflected by transparent 
and translucent objects. A transparent or translucent object’s colour is - 


related to the wavelengths of light transmitted and reflected by it. 


The colours our brains ‘see’ 

depends on other things like 

brightness and how much of 
each wavelength enters our eyes. 


| We see the colour of light that objects reflect into our eyes... 


So the only thing that makes red stuff red is the fact that it reflects the ‘red’ wavelengths of light and absorbs 
the rest. So what colour is it in the dark when there’s no light to reflect? The mind boggles. 
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Colour filters are transparent objects that absorb most wavelengths of light and just let some through. 
E.g. red cellophane — everything viewed though it appears to be either a shade of red or black. Here’s why... 


1) Colour filters are used to filter out different wavelengths of light, so that . 
only certain colours (wavelengths) are transmitted — the rest are absorbed. | 


2) A primary colour filter only transmits that colour, e.g. if white light is shone at a blue ) 
colour filter, only blue light will be let through. The rest of the light will be absorbed. 


Cg IR 


All other colours are 
absorbed by the filter. 


Blue light is 
——> iue light i 


3) If you look at a blue object through a blue colour filter, it would still look blue. 
Blue light is reflected from the object’s surface and is transmitted by the filter. | 


CRED oa: Dea 2S A RARE cae a a 


4) However, if the object was e.g. red (or any colour not made from blue | 
light), the object would appear black when viewed through a blue filter. 7 
All of the light reflected by the object will be absorbed by the filter. 


PRA SEY  EATE IE SAP RIESE TIS 


aa, a 

ed 
ap 
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are: 


Red light is ...but it’s not ...So the hat 
reflected by the transmitted by the appears black. 
red hat... blue colour filter... 


5) Filters that aren’t for primary colours let through both the wavelengths of light for that colour 
AND the wavelengths of the primary colours that can be added together to make that colour. 


Colour filters only let their own colour of light through... 


Hopefully you now know enough about absorption and reflection that you're feeling pretty confident about 
how colour filters work, Once you absorb the basic facts, the stuff on this page and on the previous page is 
pretty easy — red objects reflect red light and red filters let red light through. Simple. 


Topic 6 — Waves 


147 


Warm-Up Exam Questions 


fo make sure this stuff’s crystal clear now, or you'll regret it when you get to the exam... So here’s 
S of questions on lenses, as well as on colour and filters. Go on, answer them, you know you want to. 
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1) Name the two main types of lens. 


2) Of the two types of lens, which always creates a virtual image 
and which can create both real and virtual images? 


3) Explain why a red object appears red. 
Why does a green object viewed through a red filter appear black? 


This question is about different types of lens. (2) 


Ed is trying to start a campfire by focussing sunlight through his spectacle lens onto the firewood. 
The lens is concave. 
Explain why he cannot focus the sunlight onto the wood using this lens. 


[2 marks] 
1.2 Ed finds a slug and uses a magnifying glass to look at it. 
Complete Figure 1 to show where the image of the slug is formed. 


ow 


Figure 1 


A 


at Bie Beet 


tates 


Focal point ~ 
of fens--y—- 


ae ey Diagram to scale. 
en Sara ‘ies [3 marks] 
1.3. Calculate the magnification of the lens for the slug at this distance. 
Use the correct equation from the Physics Equation Sheet on the inside back cover. 


[2 marks] 


2 Figure 2 shows the distribution of wavelengths = ee 
of visible light emitted by a particular flat Seat Flat screen device = a 
screen, compared to that of normal daylight. Rano nd ie 8 So ee Pale 4 


2.1. Describe how light from the flat screen device 


differs from daylight. 500 600 0 
[3 marks] - -- Wavelength (nm) 


2.2 Exposure to blue light, which has wavelengths below 500 nm; has been linked to eye problems. 
Suggest how people could protect themselves from these problems while using the device. 
Explain your answer. 


[2 marks] 
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Infrared Radiation and Temperature 


Infrared radiation is what you feel as heat. It’s easy to think that only really hot objects, like the glowing 
bars on an electric fire, give out infrared radiation, but that’s not at all true as you'll soon discover... 


All objects are continually emitting and absorbing infrared (IR) radiation. 
1) Infrared radiation is emitted from the surface of an object. 


2) The hotter an object is, the more infrared 
radiation it radiates in a given time. 


3) An object that’s hotter than its surroundings emits more 
IR radiation than it absorbs as it cools down (e.g. a cup 


of tea left on a table). And an object that’s cooler than its The hot chocolate (and the mug) is 
surroundings absorbs more IR radiation than it emits as it warmer than the air around it, so it 
warms up (e.g. a cold glass of water on a sunny day). gives out more IR radiation than it 

4) Objects at a constant temperature emit infrared absorbs, which cools it down. 
radiation at the same rate that they are absorbing it. SS 


5) Some colours and surfaces absorb and emit radiation better than others. 
For example, a black surface is better at absorbing and emitting radiation than a white 
one, and a matt surface is better at absorbing and emitting radiation than a shiny one. 


The amount of infrared radiation absorbed by different materials 
also depends on the material. You can do an experiment to PRACTICAL 
show this, using a Bunsen burner and some candle wax. 


silver side matt black side 


wax and ball === ie: ese ancepall 
bearing 


1) Set up the equipment as shown above. Two ball bearings are 
each stuck to one side of a metal plate with solid pieces of candle wax. 
The other sides of these plates are then faced towards the flame. 


2) The sides of the plates that are facing towards the flame each have 


a different surface colour — one is matt black and the other is silver. 


3) The ball bearing on the black plate will fall first as the black 
surface absorbs more infrared radiation — transferring more 
energy to the thermal energy store of the wax. This means the 


wax on the black plate melts before the wax on the silver plate. 


oo 
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Time for another Required Practical. In this one, you'll meet a fun, new piece of kit called a Leslie Cube. 
Read on to find out more about how you can use this equipment to investigate infrared radiation emissions. 


Investigating Emission 


A Leslie cube is a hollow, watertight, metal cube made of 
e.g. aluminium, whose four vertical faces have different 
surfaces (for example, matt black paint, matt white 


paint, shiny metal and dull metal). You can use them to matt black aie white 
investigate IR radiation emitted by different surfaces: paint paint 


1) Place an empty Leslie cube on a heat-proof mat. 


2) Boil water in a kettle and fill the Leslie cube with boiling water. 


3) Wait for the cube to warm up, then hold a thermometer against each of the four vertical 
faces of the cube. You should find that all four faces are the same temperature. 


mens rico eo ae re 


4) Hold an infrared detector a set distance 
(e.g. 10 cm) away from one of the 
cube’s vertical faces, and record the 
amount of IR radiation it detects. 


Leslie cube 


fixed distance 


4 


ISTE SSPE ICAL RSC SCER. SEBASTES SISTER FE BEDS SRT ESTEE ACE ITO AI ETN 


5) Repeat this measurement for | 
each of the cube’s vertical faces. 
Make sure you position the 
detector at the same distance 
from the cube each time. 


SET: 


infrared 
detector 


= heat-proof mat 


SEI 


i 
6) You should find that you detect more infrared radiation from the black surface 
than the white one, and more from the matt surfaces than the shiny ones. =) 


7) As always, you should do the experiment more than once, 
to make sure your results are repeatable (p.6). 


8) It’s important to be careful when you're doing this experiment. 
Don’t try to move the cube when it’s full of boiling water — 
you might burn your hands. And take care if you’re carrying a full kettle too. 


Carry out your practicals carefully... 


And that means both being careful when collecting data, and careful when dealing with potential 
hazards. Watch out when you're pouring or carrying boiling water, and make sure any water or 
equipment has cooled down enough before you start handling it after your experiment is done. 
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Black Body Radiation 


Black body radiation sounds complicated, and I’m afraid it is a bit, but just take your time and you'll get it. 


A perfect black body is an object that absorbs all of the 
radiation that hits it. No radiation is reflected or transmitted. 


1) As good absorbers are also good emitters, perfect black bodies are the best possible 
emitters of radiation. (All objects emit electromagnetic (EM) radiation due to 
the energy in their thermal energy stores. This radiation isn’t just in the infrared 
part of the spectrum — it covers a range of wavelengths and frequencies.) 


PRT SRTS TREND ROME IS SES 


2) The intensity and distribution of the wavelengths emitted by an object 


depend on the object's temperature. Intensity is the power per unit area, 
i.e. how much energy is transferred to a given area in a certain amount of time. 


SS ERA AACE TIE I A SOE 


As the object gets hotter, the 
peak wavelength decreases. 


3) As the temperature of an object | Intensity 


increases, the intensity of every | 
. 5 ¥ 
emitted wavelength increases. 


eS ER RR SP = errno ena nomen eros cenen anata 


4) However, the intensity 


increases more rapidly for 


shorter wavelengths than longer 
wavelengths. This causes the peak 


wavelength (the wavelength with 
the highest intensity) to decrease. | Visible light range Wavelength 


eo: SSS ie as re | 


ESET 


5) The curves on the graph above show how the intensity and 
wavelength distribution of a black body depends on its temperature. 


Peak wavelength decreases as temperature goes up... 


o— 

oa) The graph above shows exactly what happens to the radiation emitted by a black body as it’s 
heated, but it's a good enough model for most objects — and it’s also the key to understanding 

this rather tricky stuff. So make sure you can sketch it and label it from memory — then practice 

explaining it to yourself. Otherwise you could miss out on some important marks in the exam... 


Topic 6 — Waves 


151 


Earth and Radiation 


It’s lucky for us that the Sun is close by (well, about 150 million km away) and transfers energy to us by 
EM radiation. It’s also lucky for us that a lot of this energy is reflected or emitted back into space. 


The overall temperature of the Earth depends on the amount of IR radiation it reflects, absorbs and emits. 


1) During the day, lots of radiation (like light) is 
transferred to the Earth from the Sun and absorbed. 


This causes an increase in local temperature. 


CS NST 53 RES SEA TEST OT ITT EIT DEO TE AEA TIN NEIL St 


2) At night, less radiation is being absorbed than is being 
emitted, causing a decrease in the local temperature. 


PSOE I LE SER TTS SE EOIN AE LS ERTL SELL AIDE IO NBER SIAN ISIN 


) Overall, the temperature of the Earth stays fairly constant. 
You can show the flow of radiation for the Earth on a aeady 4 di lagram 


a eS Se ee ae ene aie mn 


Some radiation is reflected 
by the atmosphere, clouds Some radiation is emitted 
and the Earth’s surface. by the atmosphere. 


Space 


Atmosphere 


Some of the radiation 
emitted by the surface 
is reflected or absorbed 

(and later emitted) by 

the clouds. 


Earth’s s aE ce 


Some radiation is _ by the atmosphere, 
clouds and the Earth’s surface. 


) Changes to the atmosphere can cause a change to the Earth’s overall temperature. If the 
atmosphere starts to absorb more radiation without emitting the same amount, the overall 
temperature will rise until absorption and emission are ae again aig 


Absorbed radiation means a rise in temperature... 
Greenhouse gases, such as carbon dioxide, are good absorbers of radiation. That's why adding more of 


| them to the atmosphere causes the Earth’s atmosphere to warm up as more radiation is absorbed by the 
| atmosphere and less is emitted back into space. This is the mechanism behind global warming. 
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Sound Waves 


Time to learn how we hear things. Don’t panic — you won't be tested on each individual part of the ear. 


1) Sound waves are caused by vibrating objects. These vibrations are passed through the surrounding 
medium as a series of compressions and rarefactions (sound is a type of longitudinal wave — page 127). 


2) Sound generally travels faster in solids than in liquids, and faster in liquids than in gases. 


3) When a sound wave travels through a solid it does so by causing the particles in the solid to vibrate. 


compression rarefaction When the sound wave 
Paper diaphragm in a eaker Pee ay abs 
| a loudsp solid object hits a solid object, the air 
speaker vibrates bac : : particles hitting the object 
and forth, which causes us mr fs (the pressure — p.68) 
the surrounding air me ae in causes the particles in the 
to vibrate, creating a ey solid to move back and 
compressions and ea ae x 


J : , , forth (vibrate). 
rarefactions. ne eat . sect : Toco varicae Wa nen 
A sound wave |s f ; hale 


particles in line and so 


created. on — passing the sound 


The sound wave travels through the air as wave through the object 


a series of c Suess s and rarefactions. in 
— a | 


EERO 


as a series of vibrations. 
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4) Sound can’t travel in space, because it’s mostly a vacuum (there are no particles to move or vibrate). 


5) Sometimes the sound wave will eventually travel into someone’s ear and reach their 
ear drum at which point they might hear the sound — more on this below. 


1) Sound waves that reach your ear drum can cause it to vibrate. 


age ie auditor 
2) These vibrations are passed on to tiny bones in your ear called semicircular Pe mt 
ossicles, through the semicircular canals and to the cochlea. canals ihe bron 


3) The cochlea turns these vibrations into electrical signals which 
get sent to your brain and allow you to sense (i.e. hear) the sound. 


4) Different materials can convert different frequencies 


of sound waves into vibrations. E.g. humans can hear ear 
sound in the range of 20 Hz - 20 kHz. Microphones can drum 


pick up sound waves outside of this range, but if you tried to 
listen to this sound, you probably wouldn’t hear anything. 
5) Human hearing is limited by the size and shape of our ear drum, Microphones work in a similar way. Sound 


as well as the structure of all the parts within the ear that 
vibrate to transfer the energy from the sound wave. 


: Sound waves will be reflected by hard flat surfaces. Echoes are just reflected sound waves. 


) Sound waves different media. —_——__ 
will also refract as they enter However, since sound waves are 
As they enter denser material, they speed up. This is because when 


a wave travels into a different medium, its wavelength changes but 


: F , change in direction is hard to spot 
its frequency remains the same so its speed must also change (p.127) 


under normal circumstances. 


ossicles 


waves cause a diaphragm to vibrate and this 
Movement Is transferred into an electrical signal. 


always spreading out so much, the 
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Ultrasound 


Can you hear that? If not, ‘that’ could be ultrasound — a handy wave used for seeing hidden objects. 


1) Electrical devices can be made which produce electrical oscillations of any frequency. 


2) These can easily be converted into mechanical vibrations to produce sound waves 


beyond the range of human hearing (i.e. frequencies above 20 000 Hz). 


3) This is called ultrasound and it pops up all over the place. 


boundary between media 1) When a wave passes from one medium into another, 
XQ some of the wave is reflected off the boundary 
medium 1: air medium 2: glass between the two media, and some is transmitted (and 


refracted). This is partial reflection. 
> pulses of ultrasound 


if 2) What this means is that you can point a pulse of 

inc _ultrasound at an object, and wherever there are 

boundaries between one substance and another, 
some of the ultrasound gets reflected back. 


3) The time it takes for the reflections to reach a detector 
retraction can be used to measure how far away the boundary is. 


1) Ultrasound waves can pass through the body, but | ultrasound transmitter/receiver 
whenever they reach a boundary between two different 
media (like fluid in the womb and the skin of the foetus) 
some of the wave is reflected back and detected. 


partial 
reflection 


2) The exact timing and distribution of these echoes are processed 
by a computer to produce a video image of the foetus. 


3) No one knows for sure if ultrasound is safe in all 
cases but X-rays would definitely be dangerous. 


ultrasound waves 


fl yee Ultrasound can also be used to find 
rh help ear flaws in objects such as pipes or 


i f material 
side of mat materials such as wood or metal. 


= 


gia clacauses 5) Ultrasound waves entering a material will usually 
early reflection be reflected by the far side of the material. 


of waves 6) If there is.a flaw such as a crack inside the 
object, the wave will be ref if 


Learn how ultrasound is used in medicine and industry... 


As well as scanning foetuses, ultrasound can be used to image other parts of the body without the risks 
associated with using radiation (see page 140 for more on the dangers of radiation). 
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Exploring Structures Using Waves 


Ultrasound is really useful. On the previous page, you saw just one of its medical uses. 
Now for some of its other uses — but this time, out at sea. 


Echo sounding uses high frequency sound waves (including ultrasound). 
It’s used by boats and submarines to find out the depth of the water they 
are in or to locate objects in deep water. 


F EXAMPLE: ] A pulse of ultrasound takes 4.5 seconds to travel 


from a submarine to the seabed and back again. 
If the speed of sound in seawater is 1520 m/s, 
how far away is the submarine from the seabed? 


ob 


1) The formula is of course S.=.vt 
distance = speed x time. = 1520 x 45 
2) But this is a reflection question, = 6840 
so don’t forget the factor of 2. 
3) The 4.5 s is for there and back, 
so halve the distance. 6840 + 2 = 3420 m 


PDE RTI ATE OIE 


1) Waves have different properties (e.g. speed) 
depending on the material they’re travelling through. 


: S : a 
REPENS SEE Se Te ERI FA Sa a ce RT SS rN RETO 


2) When a wave arrives at a boundary between | 
materials, a number of things can happen. 


ESI TE TEE 


3) It can be completely reflected or partially reflected (like in 
ultrasound imaging, see previous page). The wave may continue 


travelling in the same direction but at a different speed, or it may be 
refracted (p.131) or absorbed (like S-waves — see the next page). 


4) Studying the properties and paths of waves through structures 
can give you Clues to some of the properties of the structure 
that you can’t see by eye. You can do this with lots of different 
waves — ultrasound (see previous page) and seismic waves 

(see the next page) are two good, well-known examples. 


fee, Make sure you can use s = vt to work out distances... 


You should be familiar with the equation linking distance, speed and time from page 104. 
PT Remember, if you're given the time taken for an ultrasound pulse to travel from an emitter to a 
boundary and back, you must divide your answer by two to find just the distance to the boundary. 
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Seismic Waves 


All seismic waves are not the same. There are surface waves which travel along the Earth’s surface. 
_ There are also body waves which travel through the Earth — it’s these you need to know about. 


1) When there’s an earthquake somewhere, it produces seismic waves which travel out through the Earth. 
We detect these waves all over the surface of the planet using seismometers. 


2) Seismologists work out the time it takes for the shock waves to reach each seismometer. 
They also note which parts of the Earth don’t receive the shock waves at all. 


3) When seismic waves reach a boundary between different layers of material (which all have different 
properties, like density) inside the Earth, some waves will be absorbed and some will be refracted. 


4) Most of the time, if the waves are refracted they change speed gradually, resulting in a curved path. 
But when the properties change suddenly, the wave speed changes abruptly, and the path has a kink. 


crust 


1) By observing how seismic waves are absorbed and 
refracted, scientists have been able to work out where My 
the properties of the Earth change dramatically. 


(almost) solid 
V4 mantle 


2) Our current understanding of the internal 


structure of the Earth and the size of the == liquid outer 


Earth’s core is based on these observations. core 
3) There are two different types of seismic waves you Ae 
need to learn — P_waves and S waves (see below). SONUGLNINEL 
core 


PELTED L IE IE EMC METI CS ORE IIR EET TT MIC LTE A OT eR WEN RPDS MOE RETA 


=~ earthquake 
no P-waves 
reach here 


P-waves pass 
through core and 
are detected here 


P-waves 
refract ase 
density 
| changes 


1) P-waves are longitudinal. 


Ae SERS UOT SE IE ETT 


g 
i 


2) They travel through solids and liquids. 


NN EN a 8 OPIOID EY A SEPTIC ESOT TET J 


5 
y 


3) They travel faster than S-waves. | 


a ER 


1) S-waves are transverse. 


2) They can’t travel through liquids (or gases). no S-waves 


» reach here as 
eb they can't pass _ 
, prauahiey | 


3) They’re slower than P-waves. 
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This is the last set of questions in the waves topic. Phew, | hear you say. There’s some tricky stuff on 
these pages, such as black body radiation. But plough through them carefully and you'll get there. 


1) If an object is hotter than its surroundings, does it emit more or less IR radiation than it absorbs? 
2) What specialised piece of apparatus is used to investigate IR radiation emissions from surfaces? 
3) In terms of radiation absorbed and emitted, explain why local temperatures drop at night. 

4) Give the definition of a perfect black body. 


What does it mean if a wave experiences partial reflection at a boundary between two media? 
Name a natural event that produces seismic waves. 


) 
) 
) 
) 
5) What sort of wave is a sound wave — transverse or longitudinal? 
) 
) 
) Which type of seismic wave is longitudinal? 
) 


Why are S-waves not detected on the opposite side of Earth from which they are generated? 


Exam Questions — 


PRACTICAL eer 


re | 
1 A student is investigating the infrared G3) Ie ; ea ae Lol 
radiation emitted by different surfaces Y y | 
using a Leslie Cube, as shown in Figure 1. 
The student records how long it takes 
the temperature on each thermometer to 
increase by 5 °C. 


Suggest one thing the student should do to 
make the experiment a fair test. 


[1 mark] 


Of the faces of the Leslie Cube, the face at thermometer C behaves most like a perfect black body, 
and face at thermometer D behaves least like a perfect black body. 


OPE G LMI OPE P EG 


5 


In which of the following orders (fastest to slowest) would you 
expect the thermometers to increase by 5 °C? 
Tick one box. 


ees A ese | a PpRorEes ern ay anal Bag 


[1 mark] 


BTS TY 
wy a 


The water used in the experiment was initially at boiling point, 100 °C. 
The experiment is repeated using water at 60 °C. 
Predict how this would affect the results. Explain your prediction. 


[2 marks] 


Another student suggests that using digital thermometers connected to data loggers to measure 
the temperatures would improve the investigation. 

The digital thermometers measure temperature in °C to two decimal places. 

Give two reasons why this student is correct. 


[2 marks] 
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Exam Questions 


2 Ultrasound waves have frequencies above the normal range of human hearing. &3) 


2.1. What is the minimum frequency of an ultrasound wave? 
[1 mark] 


2.2 Anultrasound transmitter uses mechanical vibrations to produce ultrasound waves. 
On Figure 2, draw on the direction of the mechanical vibrations. 


Figure 2 


Ultrasound Boundary 


transmitter aes 
Direction 


of wave 


x 
Media 1 


Media 2 
[1 mark] 
2.3. What will happen to the ultrasound wave when it reaches point A? 


[1 mark] 


: : Figure 3 
3 Figure 3 shows the internal Grade 
structure of the Earth. 6-7 


A: (Almost) solid mantle 


B: Solid inner core 
C: Liquid outer core 


3.1 State which part(s) of the Earth, A, B or C, S-waves would be found in after an earthquake. 
Explain your answer. 


[3 marks] 
3.2 Both P- and S-waves generally follow curved paths through the Earth. 
At some points their paths abruptly change direction. 
Explain what these observations tell us about the Earth’s inner structure. 


[4 marks] 


Betelgeuse and Bellatrix are both stars in the constellation of Orion. 
Betelgeuse is reddish while Bellatrix is bluish. bao) 
Red light has a wavelength range of approximately 630-700 nm. 7-9 
Blue light has a wavelength range of approximately 450-490 nm. 


Which star you would expect to be hotter? Explain your answer. 


[3 marks] 
4.2 Betelgeuse is nearing the end of its life and will explode one day. 

State whether people on Earth would expect to hear the explosion. 

Explain your answer. 


[2 marks] 
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Revision Summary for Topic 6 


And that’s the end of Topic 6 — give yourself a pat on the back before seeing how much you've learnt. 
° Try these questions and tick off each one when you get it right. 
¢ When you've done all the questions under a heading and are completely happy with it, tick it off. 


Wave Properties (p.126-133) [VI 


What is the amplitude, wavelength, frequency and period of a wave? 


2) Describe the difference between transverse and longitudinal waves and give an example of each. 
3) Describe an experiment to measure the speed of ripples on water. 
4) State a rule that applies to all reflections. 


Define specular and diffuse reflection. 


Draw a diagram showing a light ray crossing, at an angle, into a medium in which it slows down. 


OOOOUOOOO 


) 
) 
) 
) 
5) Draw a ray diagram for a light ray being reflected where the angle of incidence is 25°. 
) 
) 
) 


Describe an experiment you could do to investigate a) refraction and b) reflection of light. 


Uses and Dangers of Electromagnetic Waves (p.136-140) [] 

9) True or false? All electromagnetic waves are transverse. 
What kind of current is used to generate radio waves in an antenna? 
Explain why microwaves are suitable for satellite communication. 


Give one use of infrared radiation. 


Name the type of radiation produced by the lamps in tanning beds. 


What does the term ‘ionising radiation’ mean? 


NAKAAAaS 


10) 
tT) 
12) 
13) What type of radiation is used to transmit a signal in an optical fibre? 
14) 
ifey) 
16) 


What is 1 Sv in mSv? 


Lenses, Colour and Filters (p.142-146) [. ] 

17) Give the three rules for refraction in a convex lens and the three for a concave lens. 
18) Explain the terms ‘real image’ and ‘virtual image’. 

19) Draw the ray diagram symbols for a converging lens and a diverging lens. 

20) True or false? Opaque objects transmit light. 
) 


21) Explain how colour filters can change the colour an object appears. 


Infrared Radiation and Black Body Radiation (p.148-151) [. ] 

22) Compare the IR radiation absorption and emission rates for an object at constant temperature. 
23) How could you use a Leslie cube to investigate IR radiation emitted by different surfaces? 

24) What happens to radiation hitting a perfect black body? 
) 


25) a) Draw a diagram showing radiation reflected, absorbed and emitted by Earth and its atmosphere. 
b) Explain how this absorption, reflection and emission of radiation affects the Earth’s temperature. 


Sound Waves and Exploring Structures with Waves (p.152-155) [. ] 

26) What is the frequency range of human hearing? 

27) Explain how ultrasound is used in medical imaging, industrial imaging and echo sounding. 
28) Describe how S and P waves can be used to explore the structure of the Earth’s core. 


SSE Ss SSA | AAAI 
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| think magnetism is an attractive subject, but don’t get repelled by the exam — revise. 


1) All magnets have two poles — north (or north seeking) and south (or south seeking). 


2) All magnets produce a magnetic field — a region 
where other magnets or magnetic materials 
(e.g. iron, steel, nickel and cobalt) experience a force. 
(This is a non-contact force — similar to the force on 
charges in an electric field, like you saw on page 60.) 


bar magnet 


3) You can show a magnetic field by drawing magnetic field lines. 


4) The lines always go from north to south and 
they show which way a force would act on a 
north pole if it was put at that point in the field. 


a north pole here would 
feel a force to the right 


5) The closer together the lines are, the stronger the magnetic field. 
The further away from a magnet you get, the weaker the field is. 


6) The magnetic field is strongest at the poles of a magnet. 
This means that the magnetic forces are also strongest at the poles. 


7) The force between a magnet and a magnetic material is always attractive, no matter the pole. 


8) If the two poles of a magnet are put near each 
other, they will exert a force on each other. Repulsion Attraction 


This force can be attractive or repulsive. 

Two poles that are the same (these are 
called like poles) will repel each other. a 
Two unlike poles will attract each other... or 


1) Inside a compass is a tiny bar magnet t (the needle). 


The north pole of this magnet is attracted to the south The north pole of the magnet in the 
pole of any other magnet it is near. So the compass compass points along the field line 
needle points in the direction of the magnetic field it isin. towards the south pole of the bar magnet. 


2) You can move a compass around a magnet and trace 
the needle’s position on some paper to build up a 
picture of what the magnetic field looks like. 


3) When they’re not near a magnet, compass needles 
always point north. This is because the Earth 
generates its own magnetic field, which shows that 
the inside (core) of the Earth must be magnetic. 


| A bar magnet’s magnetic field lines go from north to south... 
| ...no matter which direction the magnet is pointing. You can see the shape of a magnetic field using 


/ compasses or iron filings. Iron filings will give you a pretty pattern — but they won’t show you the 
_ direction of the magnetic field. That’s where compasses really shine. They’re also a lot easier to clear up. 
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Permanent magnets are great, but it would be really handy to be able to turn a.magnetic field on and off. 
Well, it turns out that when electric current flows it produces a magnetic field... 


1) There are two types of magnet — permanent magnets and induced magnets. 


2) Permanent magnets produce their own magnetic field. 


3) Induced magnets are magnetic materials that turn into a magnet when they’re put into a magnetic field. 


4) The force between permanent and induced magnets is always 
attractive (see magnetic materials on the previous page). 


5) When you take away the magnetic field, induced magnets quickly lose most or all of their magnetism. 


N recite! S soni ee 
The magnetic material becomes magnetised when it is brought 
near the bar magnet. It has its own poles and magnetic field: 


Nivea 


induced poles 


1) When a current flows through a wire, a Current 
magnetic field is created around the wire. Current 


2) The field is made up of concentric circles 


Magnetic field 
perpendicular to the wire, with the wire in the centre. 


3) You can see this by placing a compass near a wire 
that is carrying a current. As you move the compass, 
it will trace the direction of the magnetic field. 


4) Changing the direction of the current changes the 


direction of the magnetic field — use the The Right-Hand Thumb Rule 
right-hand thumb rule to work out which way it goes. Using your right hand, point 


your thumb in the direction of 
current and curl your fingers. 


5) The strength of the magnetic field produced changes 
with the current and the distance from the wire. 
The larger the current through the wire, or the 
closer to the wire you are, the stronger the field is. 


The direction of your fingers 
is the direction of the field. 


rd 


Ze, Just point your thumb in the direction of the current... 


..and your fingers show the direction of the field. Remember, it’s always your right thumb. 
Not your left. You'll use your left hand on page 164 though, so it shouldn’t feel left out... 
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| Electromagnets 


Electric currents can create magnetic fields (see previous page). We can use this to make magnets that can 
be switched on and off — these are electromagnets. 


Magnetic field 


1) You can increase the strength of the magnetic field 
that a wire produces by wrapping the wire into a 
coil called a solenoid. 
2) This happens because the field lines around each loop 
of wire line up with each other. This results in lots of field 


lines pointing in the same direction that are very close 
to each other. As you saw on page 159, the closer 


together field lines are, the stronger the field is. 


3) The magnetic field inside a solenoid is strong and uniform 
(it has the same strength and direction at every point in that region). 


4) Outside the coil, the magnetic field is just like the one round a bar magnet. 


5) You can increase the field strength of the solenoid even more by putting a block of iron in the centre 
of the coil. This iron core becomes an induced magnet whenever current is flowing. 


6) If you stop the current, the magnetic field disappears. 


7) A solenoid with an iron core is called an ELECTROMAGNET (a magnet whose magnetic field can be 
turned on and off with an electric current). 


Magnets you can switch on and off are really useful. They’re usually used because they’re so 
quick to turn on and off or because they can create a varying force (like in loudspeakers, p.170). 


1) Electromagnets are used in some cranes to attract and pick up things made from magnetic 
materials like iron and steel, e.g. in scrap yards. Using an electromagnet means the magnet can 
be switched on when you want to pick stuff up, then switched off when you want to drop it. 


2) Electromagnets can also be used 


within other circuits to act as 
switches (e.g. in the electric ion Contact => 


starters of motors), like this: ==> 
3) When the switch in circuit one 

is closed, it turns on the 

electromagnet, which attracts 


the iron contact on the rocker. electromagnet 


4) The rocker pivots and closes the 
circuit one | 
: ; 


Z pivot 


rocker 
_—— 


contacts 


contacts, completing circuit two, 
and i ; 


circuit two | 


Fields around electromagnets and bar magnets are the same shape 
Electromagnets pop up in lots of different places — they're used in electric bells, car ignition circuits and 


| some security doors. Electromagnets aren’t all the same strength though — how strong they are depends on 
stuff like the number of turns of wire there are and the size of the current going through the wire. 
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It’s time for another page of questions to check your knowledge retention. If you can do the warm-up — 
questions without breaking into a sweat, then see how you get on with the exam questions below. 


A student draws the magnetic field lines between fGrads\ 
four bar magnets, as shown in Figure 1. “J 


Describe an experiment that the student could 
have done to show this magnetic field pattern. 


1) Draw a diagram to show the magnetic field around a single bar magnet. 
2) Describe the magnetic field around a current-carrying wire. Magnchic Atk 
3) Give one use of an electromagnet. USCG OS 2 Svoddd. 


Figure 1 


magnetic 
field lines 


P jack A COM POS) .a £Qa> qbane Qv0op de aes 


+o nr. Magnes’ Wn deen Ree. 


The student arranges two of the magné eer: is shown ROu.0 ce Conc gk 


Figure 2 


Describe the magnetic field lines in the shaded region between the dotted lines. 


State whether there will be a force of attraction, repulsion, ap 


or no force between the two magnets. Explain your answer. 


A attroaekior , 0 twe vniice pales okt 


. . . . . Grade 
Arnold is making an electromagnet using a current-carrying solenoid and a core. (2) 


Complete Figure 3 of the solenoid to show the magnetic field inside and around it. 


= Ha Ml BZ 
—-s bh 


Hts 


Suggest a material that would be suitable for the core. 


Arnold uses his electromagnet to pick up some paper clips, 
as shown in Figure 4. 


State what happens when the current is turned off, 
and explain why this happens. Varese 
pane fF ee, Dane chips ‘0 


Nate: Dele. IL 03 ted 


Figure 4 | 


ng ME 


[1 mark] 


rare col be a foror 


[2 marks] 


[2 marks] 


[1 mark] 


[2 marks] 
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ors aaa alt SEEN PR =P eT = 


163 


The Motor Effect 


Passing an electric current through a wire produces a magnetic field around the wire (p.160). If you put 
' that wire into a magnetic field, the two magnetic fields interact, which can exert a force on the wire. 


When a current-carrying wire (or any other conductor) is put between magnetic poles, 
the magnetic field around the wire interacts with the magnetic field it has been placed in. 
This causes the magnet and the conductor to exert a force on each other. 

This is called the motor effect and can cause the wire to move. 


This is an aerial view view * Resulting Force t 


The red dot — 
a wire carrying current Normal magnetic field of wire : 
Brot the page’ — >— Normal magnetic field of magnets | 
ieterceagem Deviated magnetic field of magnets 


Sar oR RRND. HERE Sta 


SON LS RRL IT ORI RPDS SNA NR EEE ELIS 2 SSR TATARSTAN TEE LE DOE OIL IE 


1) To experience the full force, the wire has to be at 90° to the magnetic field. If the wire runs parallel 
to the magnetic field, it won’t experience any force at all. At angles in between, it'll feel some force. 


2) The force always acts at right angles to the magnetic field of 
the magnets and to the direction of the current in the wire. 


current-carrying wire. 


3) A good way of showing the direction of the force is to apply a current to a set of rails inside a 
horseshoe magnet (shown below). A bar is placed on the rails, which completes the circuit. 
This generates a force that rolls the bar along the rails. 


Horseshoe magnet 


The motor effect is used in lots of 
appliances that use movement — 
see pages 165 and 170, 


> 


a 


Bar rolls along rails when — 
currentis applied = 


4) The magnitude (strength) of the force increases with the strength of the magnetic field. 


5) The force also increases with the amount of current passing through the conductor. 
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The Motor Effect 


The force acting on a conductor in a magnetic field depends on three things: 


1) The magnetic flux density — how many field lines there are in a region. 
This shows the strength of the magnetic field (p.159). 


2) The size of the current through the conductor. Current (A) 


Force (N) 


3) The length of the conductor that’s in the magnetic field tergtht 


When the current is at 90° to the magnetic field it is in, the Am | 
force acting on it can be found using the equation on the right. Magnetic flux density (T, tesla) 


First finger 
Field 


ea) 


You can find the direction of the force with Fleming’s left-hand rule. | thuMb pp 
1) Using your left hand, point your First finger Motion i 
in the direction of the Field. ) 


—seCond finger 
' Current 


3) Your thuMb will then point in the 


t 
direction of the force (Motion). | 


Fleming’s left-hand rule shows that if either the current or the magnetic field is reversed, 
then the direction of the force will also be reversed. This can be used to find the direction 
of the force in all sorts of things — like motors, as shown on the next page. 


cm 


In the diagram on the right, in which 
direction does the force act on the wire? 


2) Point your seCond finger in the direction of the Current. 


nF 
1) Draw in current arrows 2) Use Eleming’s LHR. | 3) Draw in direction of force 
(positive to negative). (motion). 


pa seCond finger 
: Current 
First 
finger 
Field 


thuMb 
Motion 


Zeer, Fleming’s left-hand rule can really come in handy... 


Use the left-hand rule in the exam. You might look a bit silly, but it makes getting those marks so 
much easier. So don’t get tripped up — your First finger corresponds to the direction of the Field, 
your seCond finger points in the direction of the Current, and finally your thuMb points in the 

direction of the force (or Motion). If you can remember that, then those marks will come easily. 
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Electric Motors 


Electric motors use the motor effect (see pages 163-164) to get them (and keep them) moving. 
\ This is one of the favourite exam topics of all time. Read it. Understand it. Learn it. Lecture over. 


1) The diagram on the right shows a basic dc motor. 
Forces act on the two side arms of a coil of 
wire that’s carrying a current. 


2) These forces are just the usual forces which 
act on any current in a magnetic field (p.164). 


3) Because the coil is on an axle and the 
forces act one up and one down, it rotates. 


commutator 


electrical contacts 
4) The split-ring commutator is a clever way of touching split ring 


swapping the contacts every half turn to 
keep the motor rotating in the same direction. 


5) The direction of the motor can be reversed either by Direct current (dc) is current 
swapping the polarity of the dc supply (reversing the current) that only flows in one direction. 


or swapping the magnetic poles over (reversing the field). 
6) You can use Fleming’s left-hand rule to work out which way the coil will turn. 


FEXANAPLE: | i 
i 
Is the coil turning clockwise or anticlockwise? | 
4, 
1) Draw in current arrows 2) Use Eleming’s left- 3) Draw in direction of force 
(positive to negative). hand rule on one (motion). 
branch (here, I’ve 
picked the right-hand A a) 
branch). 
ae 
inger ae 
Rene Re 


Fj ~~ y/ thuMb 
= Motion 
aid So — the coil is turning anticlockwise. 


The motor effect has a lot of important applications... 


Electric motors are important components in a lot of everyday items. Food mixers, DVD players, and 
anything that has a fan (hair dryers, laptops, etc) use electric motors to keep things turning. 
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Warm-Up & Exam Questions 


Time to test your knowledge — as usual, check you can do the basics, then get stuck into some — . 
lovely exam questions. Don’t forget to go back and check up on any niggling bits you can’t do 4 kim 


1) What is the motor effect? 3 Lelo ured i OF LOW 

2) In Fleming’s left-hand rule, what’s represented by the first finger, the second finger and the thumb? 

3) Give two changes that can be made to make a dc motor run in reverse. 
Ad 0 Soe rung Cour lin ks 


Figure 1 shows an aerial view of a current-carrying wire in a magnetic field. Grads 
The circle represents the wire carrying current out of the page, towards you. -6) 


Figure 1 


On Figure 1, draw an arrow to show the direction of the force acting on the current-carrying wire. 
[1 mark] 


Describe what would happen to the force acting on the 
current-carrying wire if the direction of the current was reversed. 


Pa Qa 
WR focck LOW, ack foun Ou o F008 \) lana 
Describe how the size of the force acting on the wire would 

change if the wire was at 30° to the magnetic field. 


[1 mark] 


Describe how the size of the force acting on the wire 
would change if the wire ran parallel to the magnetic field. 


\O Koc oS [1 mark] 


Figure 2 


A student is building a simple de motor. eae : , 
direction of rotation axis of rotation 


He starts by putting a loop of current-carrying 
wire that is free to rotate about an axis ina 
magnetic field, as shown in Figure 2. _,—. 
The magnetic field between the poles 6.7 


has a magnetic flux density of 0.2 T. 


Add an arrow to Figure 2 to show the direction of the current in the wire. 
[1 mark] 


The starting position of the loop is shown in Figure 2. 

The current in the wire is 15 A, and the length of each of the two longest sidesis 10cm. |Qr\ 5~\ Ss e 
Calculate the force on one of the two sides of the coil as it starts to turn. - 

Use the correct equation from the Physics Equation Sheet on the inside back cover. 00x O:2 = 


[2 marks] 


The motor will stop rotating in the same direction after 90° of rotation from its start position. 
Suggest and explain how the student_could get the motor to keep rotating in the same direction. 


AQ a Spid MQ CoOnmoadder , JLuch WU Chang 2 marks] 
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The Generator Effect 


Electricity is generated using the generator effect (which is also known as electromagnetic induction). 
Sounds terrifying, but read this page carefully and hopefully it shouldn’t be too complicated. 


THE GENERATOR EFFECT: The induction of a potential difference 
(and current if there’s a complete circuit) in a wire which is 
experiencing a change in magnetic field. 


1) The generator effect induces (creates) a potential difference in a conductor 
(and a current if the conductor is part of a complete circuit). 


2) You can do this by moving a magnet in a coil of wire... 


TUATUAHHEVA EEE TERHHA VATE T TREAT PATER PAROREMET OVER EMPA PPAR PAPA PO PERE VA PEA HU 


Ammeter 


Induced potential ra 
difference across 
the ends of the wire 


+ 


3) Shifting the magnet from side to side creates a little “blip” of current in the conductor if 
it’s part of a complete circuit (the current can be shown on an ammeter in the circuit). 


4) If you move the magnet (or conductor) in the opposite direction, then the 
potential difference/current will be reversed. Likewise if the polarity of the 
magnet is reversed, then the potential difference/current will be reversed too. 


5) If you keep the magnet (or the coil) moving backwards and forwards, you produce a 
potential difference that keeps swapping direction, which produces an alternating current. 


Topic 7 — Magnetism and Electromagnetism 


168 


The Generator Effect 


Time for more on the generator effect and how rotation can cause the generator effect. Fascinating stuff. 


You can create the same effect by turning a magnet end to end in a coil, or turning a coil inside a magnetic 
field. This is how generators work to produce alternating current (ac) or direct current (dc) — see next page. 


side view 


1) As you turn the magnet, the magnetic field through the coil 
changes. This change in the magnetic field induces a potential 
difference, which can make a current flow in the wire. 


coil 


2) Every time the magnet moves through half a turn, the direction 
of the magnetic field through the coil reverses. When this 
happens, the potential difference reverses, so the current flows 


in the opposite direction around the coil of wire. 


3) If you keep turning the magnet in the same direction — always 
clockwise, say — then the potential difference will keep on 
eee ao half turn and you'll oo an eerie current. 


SRI TESTES IE ELT EE IRAE IAT TENNESSE TAILS TLS A RS IIIS 


1) So, a change in magnetic field can induce a current in a wire. But, as you saw on page 160, 
when a current flows through a wire, a magnetic field is created around the wire. (Yep, that’s a 
second magnetic field — different to the one whose field lines were being cut in the first place.) 


2) The magnetic field created by an induced current always acts against the change 
that made it (whether that’s the movement of a wire or a change in the field it’s in). 


Basically, it’s trying to return things to the way they were. 


3) This means that the induced current always opposes the change that made it. 


If you want to change the size of the induced pd, you have to change the rate that the magnetic field 
is changing. Induced potential difference (and so induced current) can be increased by either: 


1) Increasing the speed of the movement — cutting ~ 
more ue field lines in a Bvel time. 

MH +B aed & coal» Sth 

Dyn streredtie ineieratiod of the m agnetic fie (eae, * 

(so there are more field li ines s that can be cut). a, 


The generator effect — works whether the coil or the field is moving 


It doesn’t matter what's moving, the generator effect will work as long as field lines are being ‘cut’. 
Remember, the current that’s induced will ‘oppose’ the change that generated it. 
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; Alternators and Dynamos 


Generators make use of the generator effect to induce a current. Whether this current is alternating or 
direct depends on how the coil is connected to the circuit. Don’t get the types of connection mixed up. 


1) Generators rotate a coil in a magnetic field force 
(or a magnet in a coil). 


2) Their construction is pretty much like a motor. 


3) As the coil (or magnet) spins, a current is induced in the 
coil. This current changes direction every half turn. 


4) Instead of a split-ring commutator, 


alternators have slip rings and brushes slip rings and 
so the contacts don’t swap every half turn. Brchae 

5) This means they produce an alternating 
potential difference (pd) — more on this below. 


induced ac out 


1) Dynamos work in the same way as alternators, 
apart from one important difference. 


2) They have a split-ring commutator 
instead of slip rings. 


3) This swaps the connection every half turn 
to keep the current flowing in the same 


direction (similar to in a dc motor, p.165). split-ring 
commutator 


ah. induced dc out 


a COPS 
1) Oscilloscopes show how the potential difference generated in the coil changes over time. 
2) For ac this is a line that goes up and down, crossing the horizontal axis. 


3) For dc the line isn’t straight like you might expect, but it stays above 
the axis (the pd is always positive) so it’s still direct current. 


4) The height of the line at a given point is the generated potential difference at that time. 
5) Increasing the frequency of revolutions increases the overall pd, but it also creates more peaks too. 


ac trace dc trace 


Increasing revolutions 
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Loudspeakers and Microphones 


If you've ever broken a pair of headphones, you'll have seen the tiny crinkly paper cone inside them. 
I’m sure you've never sat and wondered how they work, but it’s all down to electromagnetism... 


Loudspeakers and headphones (which are just tiny loudspeakers) 
both use electromagnets: 


1) An alternating current is sent through a coil of wire 
attached to the base of a paper cone. 


2) The coil surrounds one pole of a permanent magnet, 
and is surrounded by the other pole, so the current causes 


a force on the coil (which causes the cone to move). 


3) When the current reverses, the force acts in the 
opposite direction, which causes the cone to 
move in the opposite direction too. 


4) So variations in the current make the cone vibrate, 
which makes the air around the cone vibrate and creates 


the variations in pressure that cause a sound wave (p.152). Front view of 


magnet 


FRSA RETIREE Oe RELI RO PRR OSCR 


5) The frequency of the sound wave is the same as the 
frequency of the ac, so by controlling the frequency of 
the ac you can alter the sound wave produced. 


1) Microphones are basically loudspeakers in reverse. 


diaphragm 
attached to coil 


2) Sound waves hit a flexible diaphragm that is attached 
to a coil of wire, wrapped around a magnet. 


Sa Nn eR RO ES 


3) This causes the coil of wire to move in the magnetic 
field, which generates a current. 


4) The movement of the coil (and so the generated 
current) depends on the properties of the sound wave 
(louder sounds make the diaphragm move further). 


5) This is how microphones can convert the pressure induced 
variations of a sound wave into variations in current current 


in an electric circuit. 


Loudspeakers and microphones have a lot of similarities... 


-.one is basically the other in reverse. Remember, loudspeakers use an alternating current to 
create sound waves with the motor effect, while microphones use the generator effect to turn 
sound waves into alternating current. Remember these similarities and differences, and learning 
all about microphones and loudspeakers won't seem as intimidating as it might first appear. 


me) 
a, 
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Transformers 


Transformers use the generator effect to change the size of a potential difference (pd). 
They will only work with alternating current. 


ES HOM I~. 


1) Transformers change the size of the potential difference of an alternating current. 
2) They all have two coils of wire, the primary and the secondary, joined with an iron core. 


3) When an alternating pd is applied across the primary coil, the iron core magnetises and demagnetises 
quickly. This changing magnetic field induces an alternating pd in the secondary coil. 


4) Ifthe second coil is part of a complete circuit, this causes a current to be induced. 


lron is used 

5) The ratio between the primary and secondary potential differences is the same geen eR RS 
as the ratio between the number of turns on the primary and secondary coils. sera 
magne ised. 


fanicore Magnetic field 


STEP-UP TRANSFORMERS step the potential 
difference up (i.e. increase it). They have more 
turns on the secondary coil than the primary coil. 


STEP-DOWN TRANSFORMERS step the potential 
difference down (i.e. decrease it). They have more 
turns on the primary coil than the secondary. 


Primary Secondary 
coil . coil 


SNEWS PAO EBL SAAS ES AE TNT BE I STEERS ES PRISER TERETE TP SLOANE DTI LIES 


1) As long as you know the input pd and the number of turns on each coil, you can 
calculate the output pd from a transformer using the transformer equation: 


Vv, = input potential difference fice number of turns on primary coil 


V. = output potential difference fis number of turns on secondary coil 


So for a step-up transformer, 
Vo> Vi and for a step-down 
transformer, V < \/ 
Ss p 


2) This equation can be used either way up, so ve = = works just as well. 
p Mp 
There's less rearranging to do if you put whatever you’re trying to find (the unknown) on the top. 


3) Transformers are almost 100% efficient. So you can assume that the input power 
is equal to the output power. Using P = V/ from page 54, you can write this as: 


Vx |’ is the power 
output at the secondary 
coil. fs x I, is the power 


input at the primary coil, 


V. = pd across secondary coil Vi=VI V, = pd across primary coil 


| = current through secondary coil pp |= current through primary coil 


4) You need to be able to relate both of these equations to power transmission in 
the national grid, to explain why and how the national grid transmits at very high pds. 


5) You've already seen on page 56 that a low current means that less energy is wasted heating 
the wires and the surroundings, making the national grid an efficient way of transmitting power. 
The equation in the blue box shows why, for a given power, a high pd is needed for a low current. 


6) The equation in the orange box above can be used to work out the number of turns 
needed to increase the pd (and decrease the current) to the right levels. 
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Warm-Up & Exam Questions 


There were lots of new ideas in that section, not to mention those equations on page 171. Better 1 A 
g0 at these questions so you can really see what's gone in and what you might need to go over again. 


ofS ye “7 Fs 
mew 


1) State two ways in which you can increase the pd induced by the generator effect. 
2) What type of current does a dynamo generate? 
3) Do step-up transformers have more turns on their primary or secondary coil? 


Ties nthe 
4 4 aR : 
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1 Figure 1 shows a coil of wire connected to an ammeter. , 
Tim moves a bar magnet into the coil as shown. 
The pointer on the ammeter moves to the left. 


1.1. Explain why the pointer moves. 


[1 mark] 
1.2 Suggest how Tim could get the ammeter’s 
pointer to move to the right. 
[1 mark] 
1.3. Suggest how Tim could get a larger reading on the ammeter. 
[1 mark] 


1.4 What reading will the ammeter show if Tim holds the magnet still inside the coil? 


[1 mark] 


Z A student is trying to test a transformer using a de power supply. ( 6-7 ) 


2.1 Explain why the voltmeter connected to the secondary coil reads 0 V. 
[3 marks] 


The student finds an ac power supply and reconnects the transformer. 
She finds that: V, = 12 V, J, = 2.5 A, V, = 4 V (where JV, is the pd across the primary coil, etc.). 


2.2 Calculate the power input to the transformer. 


[2 marks] 
2.3. Calculate the current in the secondary coil, ie 
[4 marks] 
ae 2.4 The primary coil has 15 turns. How many turns must be on the secondary coil? 
a Use the correct equation from the Physics Equation Sheet on the inside back cover. 
3 marks 
Figure 2 f i 
3 Figure 2 shows the parts inside an earphone. coil of wire 
Sound waves are caused by mechanical vibrations. 7-9 ‘ cone 
Explain how the earphone uses an ac supply to 9 
produce sound waves. 
permanent y/ 
magnet 
i base of the cone Pritts] 


to a.c. supply 
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Revision Summary for Topic 7 


That wraps up Topic 7 — time to put yourself to the test and find out how much you really know. 
\¢ Try these questions and tick off each one when you get it right. 
e When you’ve done all the questions under a heading and are completely happy with it, tick it off. 


Magnetism and Basic Electromagnetism (p.159-161) [. | 
1) What is a magnetic field? 


Give three magnetic materials. 


Qo 


) 

) 

) In what direction do magnetic field lines point? 

) True or false? The force between a magnet and a magnetic material is always repulsive. 
) 


Describe how you could use a compass to show the direction of 
a bar magnet’s magnetic field lines. 


6) Describe the behaviour of a compass needle that is far away from any magnets. 
7) What happens to an induced magnet when it is moved far away from a permanent magnet? 


8) How can you work out the direction of the magnetic field around a current-carrying wire 
without using a compass? 


9) Why does adding an iron core to a solenoid increase the strength of its magnetic field? 


NAW ANAS AAA 


10) Describe an electromagnet. 


The Motor Effect (p.163-165) [. ] 
11) Explain why a current-carrying conductor in a magnetic field experiences a force. 


2) State the equation for calculating the size of this force. 


4) What is Fleming’s left-hand rule used for? 


SAAAA 


) 

13) Name three ways you could increase the force on a current-carrying wire in a magnetic field. 
) 
) 


5) Explain how a basic dc motor works. 


The Generator Effect, Transformers and Other Applications (p.167-171) [.] 
16) Describe how you can induce a current in a wire, using a magnetic field. 

7) Give two ways you could reverse the direction of an induced current. 

8) True or false? Induced currents create magnetic fields that oppose the change that made them. 
19) Which type of generator uses slip rings and brushes? 


20) Draw a graph of potential difference against time for an ac supply. 


) 
) 
) 
) 
21) Draw the magnetic field lines for the magnet inside a loudspeaker. 
22) Explain how microphones translate sound waves into electrical signals. 
23) What kind of current do transformers use? 

24) Why do transformers have a core of iron? 

) 


25) True or false? 
Step-down transformers have more coils on their primary coil than on their secondary coil. 
26) A transformer has an input pd of 100 V and an output pd of 20V. 
What kind of transformer is it? 
27) Write down the equation that relates the input and output currents and pds of transformers. 
What assumption is made when using this equation? 


SS SANSA 


OO 


28) Explain how transformers are used to improve efficiency when transmitting electricity. 
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The Life Cycle of Stars 


Stars go through many traumatic stages in their lives — just like teenagers. 


ee : Stars initially form from a cloud of dust and gas 
i called a nebula. The force of gravity pulls the 


Cloud of dust dust and gas together to form a protostar. 
and gas : 


As the star gets denser, the temperature rises and more particles collide 

with each other. When the temperature gets high enough, hydrogen nuclei 
Protostar undergo nuclear fusion (p.84) to form helium nuclei. This gives out huge 

amounts of energy, which keeps the core of the star hot. A star is born. 


eetence | The star enters a long stable period where the outward pressure 

Star ; (p.67) caused by the nuclear fusion that tries to expand the star 
balances the force of gravity pulling everything inwards. In this 
stable period, it’s called a main sequence star and it typically lasts 
several billion years. The Sun is in the middle of this stable period. 


f \ 
| Eventually the hydrogen begins to run out. The star then 

Stars much —_ Stars about swells into a red giant (if it’s a small star) or a red super giant 

bigger than _ the same size (if it’s a larger star). It becomes red because the surface cools. 


the Sun as the Sun Fusion of helium (and other elements) occurs. 


Heavier elements (up to iron) are created in the core of the star. 
A small-to-medium-sized star As a white dwarf cools 
- like the Sun then becomes down, it emits less and 
Red Giant unstable and ejects its outer less energy. When 


layer of dust and gas. This it no longer emits a 
Red Super leaves behind a hot, dense, significant amount, it 


solid core — a white dwarf. is called a black dwarf. 


White Dwarf Black Dwarf 


Big stars, however, start to glow brightly again as they undergo more 
fusion and expand and contract several times, forming elements as 
heavy as iron in various nuclear reactions. Eventually they'll explode 
in a supernova, forming elements heavier than iron and ejecting them 
into the universe to form new planets and stars. Stars and their life 
cycles produce and distribute all naturally occurring elements. 


The exploding supernova throws the outer layers of 
dust and gas into space, leaving a very dense core 

called a neutron star. If the star is massive enough, 
it will become a black hole — a super dense point 
in space that not even light can escape from. 


Neutron «@ 
Star... , 
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The Solar System 


The Sun is the centre of our solar system. It’s orbited by eight planets, along with a bunch of other objects. 


Distances and sizes not to scale 


dwarf planet: 
Pluto 


The solar system is the Sun and all the stuff that orbits around it. This includes things like: 


1) Planets — these are large objects that orbit a star. There are eight in our solar system. 
They also have to be large enough to have “cleared their neighbourhoods”. This means that 
their gravity is strong enough to have pulled in any nearby objects apart from their satellites. 


2) Dwarf planets, like our pal Pluto. These are planet-like objects 
that orbit stars, but don’t meet all of the rules for being a planet. 


RE 


A satellite is an object that orbits 
a second, more massive object. 


3) Moons — these orbit planets. 
They’re a type of natural satellite (i.e. they’re not man-made). 


EP NRE 


4) Artificial satellites are satellites that humans have built. They generally orbit the Earth. 


ores om 


Our solar system is a tiny 
part of the Milky Way galaxy. 
This is a massive collection 


of billions of stars that are all 
held together by gravity. 


The solar system — the Sun and everything that moves around it... 


Make sure you know the key differences between each type of object in the solar system really well — 
particularly what each type of object orbits. Speaking of orbits, the next page is all about them. 
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The structure of the solar system is determined by orbits — the paths that opis take as they move around 
each other in space. | bet you can’t wait to find out more. Well, read on.. 


1) The planets move around the Sun in almost circular orbits 
(the same goes for the Moon orbiting the Earth). 


2) If an object is travelling in a circle it is constantly changing direction, which 
means it is constantly accelerating. (Just like a car going around a roundabout.) 


3) This also means it is constantly changing velocity (but NOT changing speed). 


4) For an object to accelerate, there must be 
a force acting on it (p.111). This force is 
directed towards the centre of the circle. 


The planet | is ‘trying’ 
to move. in this direction 
instantaneous velocity). 


5) This force would cause the object to just 
fall towards whatever it was orbiting, 
but as the object is already moving, it 


just causes it to change its direction. 
6) The object keeps accelerating towards 


ues 
what it’s orbiting but the instantaneous 
velocity (which is at a right angle to the The force is eee towards 
acceleration) keeps it travelling in a circle. Cy centre ofthe erale, 


7) The force that makes this happen is 
provided by the gravitational force (gravity) 
between the planet and the Sun (or 
between the planet and its satellites). 


1) The closer you get to a star or planet, 
the stronger the gravitational force is. 


2) The stronger the force, the faster the orbiting object needs to travel 
to remain in orbit (to not crash into the object that it’s orbiting). 


3) For an object in a stable orbit, if the speed of the 
object changes, the size (radius) of its orbit must do 
so too. Faster moving objects will move in a stable 


orbit with a smaller radius than slower moving ones. 


Orbits — when things keep going round in (almost) circles... 


Objects are kept in orbit by gravitational attraction causing an acceleration towards the centre of 
the orbit. Remember, acceleration always changes an object's velocity, but it doesn’t necessarily | 
change its speed. (It’s all about the difference between vector and scalar quantities. Check out 

page 87 for more on this.) Now turn over for the final page in this topic. Not far to go now... 4 
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Red-shift and the Big Bang 


‘How it all began’ is a tricky question that we just can’t answer. Our best guess at the minute is the Big Bang. 


As big as the universe already is, it looks like it’s getting even bigger. 
All its galaxies seem to be moving away from each other. There’s good evidence for this... 


1) When we look at light from most distant galaxies, we find that the wavelength has increased. 


2) The wavelengths are all longer than they should be — they’re shifted 
towards the red end of the spectrum. This is called red-shift. 


3) This suggests the source of the light is moving away from us. Measurements of 

the red-shift indicate that these distant galaxies are moving away from us (receding) 

very quickly — and it’s the same result whichever direction you look in. 
You can think of the light 
wave stretching out' as the 


Sour 
ce Moves away from us. 


4) More distant galaxies have greater red-shifts than nearer ones. This means 
that more distant galaxies are moving away faster than nearer ones — and so 


all galaxies are moving away from every other galaxy, not just ours. 
5) The inescapable conclusion appears to be that the whole universe (space itself) is expanding. 


Imagine a balloon covered with pompoms. 
As you blow into the balloon, it stretches. 


The pompoms move further away from each other. 
The balloon represents the universe and each pompom is Ay 
a galaxy. As time goes on, space stretches and expands, 

moving the galaxies away from each other. 

This is a simple model (balloons only stretch so far, and there would 

be galaxies ‘inside’ the balloon too) but it shows how the expansion 

of space makes it look like galaxies are moving away from us. 


So all the galaxies are moving away from each other at great speed — suggesting something must have 
got them going. That ‘something’ was probably a big explosion — the Big Bang. Here’s the theory... 


1) Initially, all the matter in the universe occupied a very small space. 
This tiny space was very dense and so was very hot. 


2) Then it ‘exploded’ — space started expanding, and the expansion is still going on. 


1) Something important to remember is that the Big Bang theory is the best guess we 
have so far. Whenever scientists discover new evidence, they have to either make 


a new theory or change a current one to explain what they’ve observed. 
2) There is still lots we don’t know about the universe. Observations of supernovae 
from 1998 to the present day appear to show that distant galaxies are moving away 
from us faster and faster (the speed at which they’re receding is increasing). 
3) Currently scientists think the universe is mostly made up of dark matter and dark energy. 
Dark matter is the name given to an unknown substance which holds galaxies together, but does 
not emit any electromagnetic radiation. Dark energy is thought to be responsible for the accelerated 
of the universe. But no-one really knows what these things are, so there are lots of different 
fftesries about it. These theories get tested over time and are either accepted or rejected. 
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Warm-Up & Exam Questions 


You know the drill — some warm-up questions to get you thinking about what you've just read, he 
and some exam questions to see how well you can apply your knowledge. Get cracking. 


_ Warm-Up Questions _ 


What are protostars formed from? 

Immediately after the end of its main sequence phase, what does a star much larger than the 
Sun become? 

Name two types of object in the solar system that orbit the Sun. 

What is the force responsible for keeping planets in orbit? 

What is the name given to the observed increase in the wavelength of light from distant stars? 
State two possible components of the universe which cannot currently be explained. 


‘ 4 (Grad 
1 Use the correct words from the box below to complete the following sentences. Gs) 


artificial satellites planets the Sun Jupiter 


the Earth natural satellites 


ei ah OA a RN ER Bc A itl ere 


MOONS aresie.c:.s-oeteed eee eee . “Lhey orbitsedi eee eee : 


A 1h hy eA MINN RRNIS ED are made-made, and MOst Of tem OLDIL <.sssserec anes eeeeeee eee 
[4 marks] 


2 Stars go through many stages in their lives. () i 


2.1. Describe how a star is formed. 
[3 marks] 


2.2 The stable period of a main sequence star can last billions of years. 
Explain why main sequence stars undergo a stable period. 


. [2 marks] 


| When main sequence stars begin to run out of hydrogen in their core, they swell 
and become either a red giant or a red super giant depending on their size. 


_ | 2.3 Describe what happens to stars after their red giant phase until the end of their life cycle. 

; = [3 marks] 
| 2.4 Describe what happens to stars after their red super giant phase until the end of their life cycle. 

: 3 [3 marks] 


3* Describe red-shift and explain how it supports the Big Bang /4raae 
theory as an explanation for how the universe began. 


[6 marks] 


179 


Revision Summary for Topic 8 


Topic 8 — short, sweet and super interesting. Now it’s time to check you filled all that space in your head. 
e Try these questions and tick off each one when you get it right. 
e When you’ve done all the questions under a heading and are completely happy with it, tick it off. 


The Life Cycle of Stars (p.174) [. | 

1) What is a nebula? 

2) What causes the rise in temperature that leads to nuclear fusion in a protostar? 
) What causes a main sequence star to remain stable for a long time?. 
) Which part of its life cycle is our Sun currently in? 

) What happens to a star about the same size as our Sun when it begins to run out of hydrogen? 
6) What is a black dwarf and how is it made? 
) 

) 


At what stage in a star’s life cycle are elements heavier than iron formed? 


SINAN ANS 


True or false? The Sun will eventually turn into a black hole. 


The Solar System (p.175) [. ] 
9) How many stars are there in our solar system? 
10) What do planets and dwarf planets orbit? 


11) True or false? Pluto is a dwarf planet. 


SAAA 


12) What galaxy is our solar system part of? 


Orbits (p.176) [. ] 
13) What is the approximate shape of the planets’ orbits around the Sun? 
True or false? An object in a stable orbit has a continually changing speed. 


What is the name of the force that pulls an orbiting object towards Earth? 


How does the strength of a planet's gravitational force change as you get closer to its surface? 


SINAAA 


14) 

15) 

16) State the direction of the orbiting object’s instantaneous velocity in relation to this force. 
17) 

18) What is the relationship between the speed of an orbiting object and its orbital radius? 


Red-shift and the Big Bang (p.177) [. | 

19) What is red-shift? 

20) True or false? Very distant galaxies are moving away faster than ones closer to us. 
21) Give two limitations of the balloon model of the expanding universe. 

22) Briefly describe the Big Bang theory. 
) 


23) What did scientists discover about the movement of galaxies in 1998 
and how did they discover this? 


Ai! SWAAW 


; _ 24) True or false? New evidence that disproves a popular theory is ignored. 
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Measuring Lengths and Angles 


Get your lab coat on, it’s time to find out about the skills you'll need in experiments. 
First things first — make sure you're using appropriate equipment and know how to use it correctly. 


1) In most cases a bog-standard centimetre ruler can be used to 
measure length. It depends on what you're measuring though 
— metre rulers are handy for large distances, while micrometers 
are used for measuring tiny things like the diameter of a wire. ee spring 


2) The ruler should always be parallel to what you want to measure. 


3) If you're dealing with something where it’s tricky to measure just 
one accurately (e.g. water ripples, p.128), you can measure the 
length of some of them and then divide to find the length of one. 


4) If you're taking multiple measurements of the same object 
(e.g. to measure changes in length) then make sure you always 


measure from the same point on the object. It can help to draw ee 


or stick small markers onto the object to line up your ruler against. marker 


5) Make sure the ruler and the object are always at eye level when 
you take a reading. This stops parallax affecting your results. 


ruler spring 
Parallax is where a measurement appears to 
change based on where you're looking from. 
The blue line is the measurement taken when 
the spring is at eye level. It shows the correct 
length of the spring. 


1) First align the vertex (point) of the angle with the mark in the centre of the protractor. 


2) Line up the base line of the protractor 
with one line that forms the angle and 
then measure the angle of the other 
line using the scale on the protractor. 


3) If the lines creating the angle are very 
thick, align the protractor and measure the 
angle from the centre of the lines. Using 
a sharp pencil to draw diagrams helps to 
reduce errors when measuring angles. 


4) Ifthe lines are too short to measure easily, 
you may have to extend them. 
Again, make sure youusea 


sharp pencil to do this. 


Practical Skills 
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Measuring Volumes 


Did you order some more measuring? Well, even if you didn’t, here’s some stuff about measuring volumes. 


Measuring cylinders are the most common way to measure a igi al 
They come in all different sizes. Make sure you choose one that’s the 


right size for the measurement you want to make. It’s no good using a 

huge 1 dm? cylinder to measure out 2 cm? of a liquid — the graduations 

(markings for scale) will be too big and you'll end up with massive 

errors. It'd be much better to use one that measures up to 10 cm’. A 


You can also use a pipette to measure volume. 
Pipettes are used to suck up and transfer 
volumes of liquid between containers. 


Graduated pipettes are used to transfer 79992 
accurate volumes. A pipette filler is attached 


to the end of a graduated pipette to control <I>(F 
the amount of liquid being drawn up. s 


Read volume 
from here — the 
\ bottom of the 

= «meniscus. 


Whichever method you use, always read the volume 
from the bottom of the meniscus (the curved upper 
surface of the liquid) when it’s at eye level. 


Eureka cans are used in combination with measuring cylinders 
to find the volumes of irregular solids (p.64) 


They’re essentially a beaker with a spout. To use them, fill them 
with water so the water level is above the spout. 


Let the water drain from the spout, leaving the water level just below the start of the spout (so all the 
water displaced by an object goes into the measuring cylinder and gives you the correct volume). 


Place a measuring cylinder below the end of the spout. When you place a solid 
in the beaker, it causes the water level to rise and water to flow out of the spout. 


Make sure you wait until the spout has stopped dripping before you measure 
the volume of the water in the measuring cylinder. The object's volume 
is equal to the volume of the water in the measuring cylinder. 


eureka can PS 


object 


measuring 
cylinder 


Watch out for parallax when taking readings... 


Whether you’re reading off a ruler, a pipette or a measuring cylinder, make sure you take all 


readings at eye level. And, if you're taking a reading for a volume, make sure you measure from 
the bottom of the meniscus (that’s from the dip in the curved surface at the top of the liquid). 
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More on Measuring 


1) Make sure the bulb of your thermometer is completely submerged 
in any substance you're measuring the temperature of. 


2) Wait for the temperature reading to stabilise before you take your initial reading. 


3) Again, read your measurement off the scale on a thermometer at eye level. 


bulb 


When you're reading off a scale, use the value of the 


nearest mark on the scale (the nearest graduation). 


1) You should use a stopwatch to time most experiments — they‘re more accurate than regular watches. 


2) Always make sure you start and stop the stopwatch at exactly the right time. Or alternatively, set 
an alarm on the stopwatch so you know exactly when to stop an experiment or take a reading. 


3) You might be able to use a light gate instead (see below). 
This will reduce the errors in your experiment. 


1) Fora solid, set the balance to zero and then place your object onto the scale and read off the mass. 


2) If you’re measuring the mass of a liquid, start by putting an empty 
container onto the balance. Next, reset the balance to zero. 


3) Then just pour your liquid into the container and record the mass displayed. Easy peasy. 


1) A light gate sends a beam of light from one side 


of the gate to a detector on the other side. When light gate 
something passes through the gate, the beam of 

light is interrupted. The light gate then measures 
how long the beam was undetected for. 


_inaie 


card interrupts 
beam of light the beam 


2) To find the speed of an object, connect the 
light gate to a computer. Measure the length 
of the object and input this using the software. 
It will then automatically calculate the speed 
of the object as it passes through the beam. 


3) To measure acceleration, use an object that interrupts the signal twice in 


a short period of time, e.g. a piece of card with a gap cut into the middle. Have a look at 


Page 113 for an 
example of a light 
4) The light gate measures the speed for each section of the object and uses this gate being used. 


to calculate its acceleration. This can then be read from the computer screen. 
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Working With Electronics 


Electrical devices are used in a bunch of experiments, so make sure you know how to use them. 


Before you get cracking on an experiment involving any kind of electrical devices, you 
have to plan and build your circuit using a circuit diagram. Make sure you know all 
of the circuit symbols on page 40 so you’re not stumped before you've even started. 


If you’re using an analogue voltmeter, choose the voltmeter 


with the most appropriate unit (e.g. V or mV). 
2) If you're using a digital voltmeter, you'll most likely be able to switch between them. 


3) Connect the voltmeter in parallel (p.49) across the component you want to test. 
4) The wires that come with a voltmeter are usually red (positive) and black (negative). 
These go into the red and black coloured ports on the voltmeter. Funnily enough. 


Then simply read the potential difference from the scale (or from the screen if it’s digital). 


Ammeters Measure Current 


Just like with voltmeters, choose the ammeter with the most appropriate unit. | 7 oat 
urn your circuit off between 


readings to prevent wires 
overheating and affecting your 
results (p.41). 


2) Connect the ammeter in series (p.47) with the component you want to 
test, making sure they’re both on the same branch. Again, they usually 
have red and black ports to show you where to connect your wires. 


Read off the current shown on the scale or by the screen. 


Multimeters Measure Both 


1) Instead of having a separate ammeter and voltmeter, many circuits 
use multimeters. These are devices that measure a range of 
properties — usually potential difference, current and resistance. 


2) If you want to find potential difference, make sure the 
red wire is plugged into the port that has a ‘V’ (for volts). 
3) To find the current, use the port labelled ‘A’ or ‘mA’ (for amps). 
4) The dial on the multimeter should then be turned to the 
relevant section, e.g. to ‘A’ to measure Current in amps. 
The screen will display the value you’re measuring. 


Don’t get your wires in a tangle when youre using circuits... 


gee 

page When you're dealing with voltmeters, ammeters and multimeters, you need to make sure that you 
<a wire them into your circuit correctly, otherwise you could mess up your readings. Just remember, 

the red wires should go into the red ports and the black wires should go into the black ports. 
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Safety and Experiments 


There’s danger all around, particularly in science experiments. But don’t let this put you off. 
Just be aware of the hazards and take sensible precautions. Read on to find out more... 


1) There are always hazards in any experiment, so before you start an experiment you should 
read and follow any safety precautions to do with your method or the apparatus you’re using. 


ne eee ee 


2) Stop masses and equipment falling by using clamp stands. ) 


3) Make sure any masses you're using in investigations are of a sensible 
weight so they don’t break the equipment they’re used with. Also, make | 
sure strings used in pulley systems are of a sensible length. That way, any | 
hanging masses won't hit the floor or the table during the experiment. 


ee nae oes 1 ARO TRAE IRE SEES SET IS TOE SIONAL 


4) When heating materials, make sure to let them cool before moving them, or wear 
insulated gloves while handling them. If you’re using an immersion heater to heat liquids, 
you should always let it dry out in air, just in case any liquid has leaked inside the heater. 


wont 


5) If you’re using a laser, there are a few safety rules you must follow. 
Always wear laser safety goggles and never look directly into the 
laser or shine it towards another person. Make sure you turn the 
laser off if it’s not needed to avoid any accidents. 


SE IPE SE AN Se ERIE TET scat SARS TRA PI EC EL BOR I EN ET ee 


6) When working with electronics, make sure you use a low enough voltage 
and current to prevent wires overheating (and potentially melting) and 
also to avoid damaging components, e.g. blowing a filament bulb. 


7) You also need to be aware of general safety in the lab — handle 
glassware carefully so it doesn’t break, don’t stick your fingers 
in sockets and avoid touching frayed wires. That kind of thing. 


BEWARE — hazardous physics experiments about... 


Before you carry out an experiment, it’s important to consider all of the hazards. Hazards can 
be anything from lasers to electrical currents, or weights to heating equipment. Whatever the 
hazards, make sure you know all the safety precautions you should follow to keep yourself safe. 
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Practice Exams 


Once you've been through all the questions in this book, you should feel pretty confident about the exams. 
As final preparation, here is a set of practice exams to really get you set for the real thing. The time allowed for 
each paper is 1 hour 45 minutes. These papers are designed to give you the best possible preparation for your exams. 


( ( 'P Practice Exam Paper 
GCSE Physics 


GCSE Physics 
Paper 1 


Higher Tier 


Time allowed: 


In addition to this paper you should have: Centre name 
: x A ruler. 


Z i The Physics Equation Sheet 
___ (on the inside back cover). 


~ Acalculator. : Centre number 


Candidate number 


Surname 


1 hour 45 minutes 


Instructions to candidates 


Information for candidates 


Advice to candidates 


Write your name and other details in the spaces provided above. 
Answer all questions in the spaces provided. 

Do all rough work on the paper. 

Cross out any work you do not want to be marked. 


The marks available are given in brackets at the end of each question. 
There are 100 marks available for this paper. 7 : 
You are allowed to use a calculator. teroh Ne Attempt N'] 
You should use good English and present your answers in a 
clear and organised way. 

For Questions 3 and 12, ensure that your answers have a 

clear and logical structure, include the right scientific terms, spelt 
correctly and include detailed, relevant information. 


In calculations show clearly how you worked out your answers. 
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1A 


a2 


1.3 


1.4 


1.5 


A representation of the particles of a substance is shown in Figure 1. 


Figure 1 


[1 mark] 
The substance in Figure 1 is heated. 


Describe what happens to the internal energy of the substance when it is heated. 
Explain why this occurs. 


TELE ETTET EET eee eee eee rere reece eee eee eee) 
TELE PECPE CECE eee eee eee eee eee eee ee ee eee eee eee eee eee eee eee eer eee ee eee eee eee) 


eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee 


[2 marks] 
A student is carrying out an experiment into changes of state. 
The student heats a sample of solid wax until it becomes a liquid. 
Name this change of state. 
ssieaeeseeccn ona RMNDOMOUIRL EN Renee RCE £8. oe eee iia 
The student wishes to find the density of the solid wax. 
A sample of solid wax has a mass of 0.36 kg, and a volume of 4.0 x 10“ m’°. 
Write down the equation that links mass, volume and density. 
seeerercierhertaite on cniiercets raat 
Calculate the density of the wax. 
Density=.iaa 2 Wane Raniah: kg/m? 
[2 marks] 


2.1 


2.2 


2.3 
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A student wanted to model how the thickness of an insulating layer affects how quickly 
the contents of a hot water tank cools. To model this system in the lab, she carried out 
an investigation to test how the thickness of a cotton wool jacket affected the rate of 
cooling of a beaker of hot water. 

The apparatus she used is shown in Figure 2. 


Figure 2 


<4 thermometer 


hot water 


cotton wool jacket 
) 
cork mat N ) 


stopwatch 


Give one strength and one limitation of using the apparatus shown in Figure 2 to 
model a hot water tank. 


eeRE PEC CC CO PCC ee eee ee Pee eee CeCe eee CC eee eee eee eee 


TERT ET TEPER eee eee ee eee CeCe Cee ee eee eee eee 


[2 marks] 
State the independent variable in this investigation. 
co nee sere htt ARORA a Se SEIS OD ate oe ene ee ee ee pee 
State one control variable in this investigation. 
oo ERE TAR ap EMR errs aiict ete Renae! ores amen AARPMER iw seanaPnon ers ee 


Question 2 continues on the next page 
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2.4 When the student repeated the investigation, she got very similar results. 
Which one of the following describes her results? 
Tick one box. 2 


B precise 
i systematic 
ral anomalous 


[1 mark] 
The student’s results are shown on the graph in Figure 3. 


ube 3 


final temperature of 
water after 3 minutes in °C 


sbstetesesaree ifeteseeteeds 


thickness of cotton wool jacket in cm 


2.5. What conclusion can be made from the results in Figure 3? 


SANS E RSE aCe a8 RRS wm a) a ame we eo ms em eas o muse Olam ie wie tala lw se m/mie lw me aim m\w ie eln (a W/m) a; a (6s / ula \e\e: ein) a\n/a\sia/uin}a ais) w\a\Rin\sie/a(a(nin\u|siu(a\sia sie ch) aie /aieieiaiateVafeiaimln)ea)6\ile (ce ia.eoainisl slntalinie mittee) 


- Noe DNeove Bid! 1 Sidehsy iebASgebal Om siele £8 
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The model of the atom has developed over time. 


Figure 4 shows an early model of the atom, Model X, and a currently used model of 
the atom, Model Y. 


Model X Model Y 
Explain how experiments and scientific discoveries caused our understanding of the 


atom to develop from Model X to Model Y. 
Your answer should include descriptions of the models of the atom shown in Figure 4. 


TOP PUPP UPPP CeCe eee eee eee eee eee ee eee eee ee eee eee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee eee) 
Te PPP Cee ee eee eee eee eee eee eee eee eee eee errr ee eee eee eee ee eee eee eee eee eee eee eee eee eee) 
TEP UP CRU OC Eee CCP e eee CeCe CCPC Cee CeCe CeCe eee eee eee eee eee eee eee eee eee eee eee) 
TEP PP PP PPP eee eee eee eee ee ee eee eee rece ee eee eee eee ee Cee eee eee eee eee eee eee eee ee) 
eee eeCee CCPC eee eee eee Pee eee eee ee eee eee eee ee eee ee 
PTReeUPUUPOUOEECOCUOCCCCCCCOCCO CCC CCC C ECC U CCC CCCC CCE ec 
TURE POPE PEEP PPP eee eee eee ee eee eee eee eee eee eee CeCe ee ee eee eee 
TEP ECUCOP ECE eee eee eee eC CCCP CCC CCC CCC ee eee eee eee eee ee eee eee 
TUTE EEEEE EEE eee CeCe Cree CeCe reece 
PTUePEEEEEEEEEE EEE eee eee eee eee eee eee eee eee eee) 
TERE EEEEEEEEEE EEE eee eee eee 


PTTL EE EEE EEE eee CPUC Creer eee eee eee eee eee eee ee 


_ [6 marks] 


Turn over for the next question 
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4 Figure 5 shows a graph of temperature against time for the substance as it is 


being continually heated. 
Figure 5 


Temperature 


Time 


4.1 Identify the state of matter of the substance at point E. 


Peer rr rrr rrr ee ee ee 


[1 mark] 
4.2 Which point represents the boiling point? 
Tick one box. 
a A 
el B 
ei C 
[1 mark] 
4.3 Explain the shape of the line in Figure 5 between points A and B. 
ie 2 ie eee ree See 


4.4 69 000 J of energy is transferred to 1.5 kg of the substance to completely melt it without 
changing its temperature. 
Calculate the specific latent heat of fusion of the substance. 
Use the correct equation from the Physics Equation Sheet on the inside back cover. 


g 
[3 marks] 


5 


5.1 


5.2 


5.3 


5.4 
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A scientist is experimenting with static electricity. She combs her hair fifty times 
with the same comb. Afterwards, some of her hairs stand on end away from 
each other. The comb becomes negatively charged with a charge of —0.2 nC. 


Figure 6 


[1 mark] 
Explain why some of the scientist’s hairs stand on end away from each other. 
ee ee BO MR Soo cPhadgn snocincanmcbccaubenvagecennduentecdddécaiastsouns oe ‘ Os 
Give the total charge on the scientist’s hair. 
RSME GR acre ee aera oe oe Se ou cx eX aed nC 
[1 mark] 
What will happen if the scientist brings the comb close to her hair? 
Tick one box. 
[| It will attract the hair. 
ie It will repel the hair. 
| | No interaction will be observed. 
[1 mark] 


Turn over for the next question 
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6 A student carried out an investigation into the specific heat capacity of liquids using 
the apparatus shown in Figure 7. He used identical electric heating coils to heat a 
beaker of water and a beaker of oil. He used exactly 1 kg of each liquid. 


Figure 7 


insulating 
lid 
thermometer 
heating 
Coil 1 kg of liquid 
insulation 


The student recorded the temperature of both the liquids before heating, and 
then again after ten minutes of heating. His results are shown in Table 1. 


6.1 


[1 mark] 


6.2 During the experiment, the heating coil transferred 126 kJ of energy to each liquid. 
Use the data from the experiment to calculate the specific heat capacity of the oil. 
Use the correct equation from the Physics Equation Sheet on the inside back cover. 


id 
eee eee eee eee eee ee eee eee ee ee ee ee a 
Ce i i i i i ii i i ir ii 
i i i iii 
eee eee eee eee ee eee ee ee ee et 


Specific heat capacityof-oil=.- een J/kg°C 
[4 marks] 
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6.3 Both oil and water can be used in heating systems. 
With reference to the specific heat capacities of oil and water, explain why most heating 
systems use water rather than oil. 


eee eee eee ee eee eee eee eee eee ee eee eee eee ee eee eee eee eee eee eee eee eee 
eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 


ete eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 


[2 marks] 


Turn over for the next question 
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v4 Table 2 gives details of some isotopes. 
Table 2 


Racine 226 Ra alpha 
88 

Radon-222 222 Rn alpha 
86 


Bismuiheo10 me Bi alpha, beta 
Bismuth-214 oe Bi alpha, beta 
210 Pb 


7.1 Calculate the number of neutrons in a bismuth-214 nucleus. 


OC i ee a ee 


[1 mark] 


7.2 Using data from Table 2, complete the equations in Figure 8 to show how the 
following isotopes decay. 


Figure 8 
226 4 
210 ) 
g2Pb ‘ eh ode 


[2 marks] 


7.3 


7.4 


7.5 


$95 
Figure 9 shows the activity-time graph of a sample of polonium-210. 


Figure 9 


Activity in Bq 


0 70 140 210 280 350 420 490 560 
Time in days 


Using the graph in Figure 9, determine the time it takes for the activity of the sample 
to drop from 80 Bq to 10 Ba. 


Gimestakenias Ae sinc, Jota. ert... days 
[1 mark] 
Determine the half-life of polonium-210. 
Flac li@ sememoctearnascssantenniantvearnnarscsete days 
[1 mark] 


Polonium-210 emits alpha radiation. 
Ingesting any amount of an alpha source can be very harmful. 
Explain why sources of alpha radiation are much more dangerous inside the body than 


outside the body. 


[4 marks] 
Turn over for the next question 
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8 A student is investigating the two electrical circuits shown in Figure 10. 
All the lamps and batteries used are identical. 


Figure10 | 


Ip I 


Circuit A Circuit B 


8.1 Compare the current and total resistance in circuits A and B. 


Peer eee eee eee eee eee ee eee ee eee ry 


[2 marks] 


8.2. The student adds an ammeter and a voltmeter to circuit A. 
They show readings of 0.30 Aand 11 V respectively. 
State the equation that links power, current and potential difference. 


kOF 


The student considers adding one of the components in Figure 11 to circuit A. 


AN Figure 11 
C D ea E co) 


8.4 Describe what happens to the resistance of component C as the intensity of light that 
falls on it increases. 


eee eee eee eee eee eee eee CeCe Cee eee eee eee eee eee eee eee 


Tee PPP PR PCE e CCP e eee eee eee ee eee eee ee ee eee eee eee eee eee eee eee eee eee eee eee eee ee) 


[1 mark] 
8.5 Give an application for component D. 
cp SER OR ERS coset te OP ee es ae 
8.6 On the axes in Figure 12, sketch the /-V characteristic of component E. 
Figure 12 
Current in amps 
Potential difference 
in volts 
[1 mark] 


Turn over for the next question 
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Elelctricity produced in x10° kWh 


9.1 


9.2 


9.3 


Figure 13 shows the amount of electricity generated by different renewable energy 
resources in the UK each season between 2012 and 2015. 
A kilowatt hour (kWh) is a unit of energy equal to 3.6 x 10° J. 


Figure 13 
ew os x ‘. wind 
. es. 
he 3 Lees s UERETSIE, GELS 
ae , x , * —— ae -bio-fuel————- 


Su A W Sp Su 
Season 


0s ee 


Key: 


W — Winter Sp — Spring Su — Summer 


Using Figure 13, determine the amount of electricity generated by bio-fuels 
and by hydro-electric power in summer 2014. 


Bio-fuelst= c.c../:s.sccch: sacsaaetaec ee eee ee eee oe kWh 
Hydro-electhic:= 2.25 pies pccretetee e eeee kWh 
[2 marks] 


Using Figure 13, suggest which renewable energy resource usually provides the 
largest amount of electricity to the UK. 


[1 mark] 


Figure 13 shows that the amount of electricity generated from solar power during 
summer is always larger than the amount generated during winter of the same year. 
Suggest a reason for this. 


eee eee eee errr rrrrcrrrrrrrrrrrrrrrrrrrr rT rrr rr rrr i i i i i iy 


[1 mark] 
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9.4 The majority of electricity in the UK is generated from non-renewable energy resources. 
Give one advantage and one disadvantage of using non-renewable energy resources 
to generate electricity. 


SENATE ere eG he hod Pec seks fa aeaelag au (ica evvviedevscatdsbaeuacenesunscecsecsendeces 


ett eee eee eee eee eee eee ee ee eee eee eee eee eee eee eee eee eee ee eee eee ee ee eee 


eC ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 


[2 marks] 


9.5 Give two limitations to increasing the amount of electricity produced from renewable 
energy resources in the UK. 


eee eee eee eee eee ee ee 
eee eee eee eee eee eee eee Ce eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee eee 
eee eee eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee) 


Pee PPPPCP CCPC eee eee eee eee eee eee eee eee eee eee ee eee eee ee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee) 


[2 marks] 


9.6 Another renewable energy resource is geothermal power. 
Suggest why geothermal power is not widely used in the UK. 


[1 mark] 


Turn over for the next question 


Turn over > 


200 


10 A student wanted to know how the current flowing through a filament lamp changes 
with the potential difference across it. She set up the circuit shown in Figure 14. 


Figure 14 


Variable resistor 


She used the variable resistor to change the potential difference across the lamp. 
For each setting of the variable resistor, the student recorded the readings of the 
voltmeter and the ammeter. Table 3 shows her results. 


Table 3 


Voltmeter reading Ammeter reading 
in volts in amps 


Coe fe 
= 


Question 10 continues on the next page 
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10.1 Plot the results displayed in Table 3 on the grid in Figure 15. 


Figure 15 
Current in amps 
0.25 
0.20 
Oo 
0.10 
0.05 

: PEs sur Gussie OHafie 
Potential difference in volts Due 
10.2 Draw acurve of best fit on your graph on the grid in Figure 15. 
[1 mark] 


10.3 Explain, with reference to energy transfers, what happens to the resistance of the lamp 
as the current through it increases. 


tte eee eee eee ee eee eee ee eee eee ee 
eee ee eee eee eee ee ee eee eee eee eee eee eee ee eee eee ee eee ee ee 
ieee eee eee eee eee eee eee eee eee ee eee eee ee eee eee eee eee eee eee ee 
eee eee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee ee eee eee ee ee ee 
eee eee eee eee eee eee eee eee eee ee eee eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee ee eee) 


OOP Ue PPP PC eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee eee ee ee ee 


[4 marks] 


10.4 The lamp is disconnected from the test circuit, and is connected to a 15 V power supply. 
At this potential difference the lamp has a resistance of 60 0. 
The lamp operates at this potential difference for 180 s. 
Calculate the amount of charge which passes through the lamp in this time. 


eee PUP PPP PCP P PCCP ee eee eee eee eer eee eee eee eee eee ere eee eee eee eee eee ee eee eee eee eee eee eer 
Pee P POPP PPP e eer reece PCP CeCe eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee eee eee ee eee eee ees 
PoP P PUPP PPP PPP eee CCPC e CeCe eee eee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 


Turn over for the next question [5 marks] 
Turn over > 
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Figure 16 shows the inside of the three-pin plug for an electric kettle. 


Figure 16 


Give the colours of the earth wire and the live wire. 


Earth wire = ...c..<cQdlgese.cy: Corer Ei ete Ra ccs cone ete ee eee 
Live wire = .........405.0/ 42s UE Ce Ee ee ee ee 

[2 marks] 
Describe the purpose of the earth wire. | 
guntisaendiad vasirhibasovessssvanonttisete ducts suaneesinetatbnectaee Cl: Hets Ee tet hetero eee ae 


Explain how the live wire can be dangerous even when the kettle is switched off. 


eee eee eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 
ete ee eee ee eee eee eee 


et ee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 


[2 marks] 


The electric kettle is plugged into an electricity supply and is switched on for 180 s. 
While switched on, a current of 10.0 A passes through the kettle. 

The resistance of the kettle is 23.0 Q. 

Calculate the energy transferred by the kettle. 


[4 marks] 
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The national grid is a network of pylons and cables that are used to transmit large 
amounts of electrical power throughout the UK. 

The national grid is considered to be an efficient way of transmitting electricity, through 
its use of devices such as transformers. 


Explain how the national grid can transmit high power electricity efficiently, and provide 
their consumers with useful electric power. 


eee eee eee eee eee eee eee eee ee eee eee eee eee eee eee ee eee eee eee ee ee eee eee eee eee eee eee eee ee ee er) 
eee ee eee eee eee eee eee eee eee eee eee eee ee eee eee er) 
eee eee P PCC CC CeCe ee eee eee ee eee eee eee eee eee eee eee eee eee eee ee eee ee eee eee eee eee eee eee eee ee eee eee eee 
eee ee eee eee Ce eee eee eee eee eee eee ee ee ee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee ee ee eee 
eee Pee PPC eee eee eee ee eee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 
eee eee eee eee ee eee eee ee eee eee eee eee eee eee eee ee 
eee Pee eee ee eee Cee eee eee eee eee eee eee eee eee eee eee eee eee) 
TORU PCCP Pee eee eee eee eee CeCe eee eee eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eer 
PORE Pee eee eee eee eee eee eee ee eee eee eee eee eee eee eee ee eee eee eee eee ee eee eee ee eee eee eee ee eee ee 
ee PPP C PPC CeCe eee eee eee eee eee ee eee eee eee eee ee eee eee eee eee eee eee eee ee 
TORE P UPR ECORECUECUCC CEU CUCCU UCC CCC C CCPC CEC CEU C UCPC eee CeCe eee ee eee eee es 
PoPP PPP PPP PPC CCC CeCe eee eee eee eee eee eee ee eee eee eee eee eee 
TOPE P PPPOE eee eee eee eee eee eee eee CCPC eee Cee eee eee eee eee ee eee eee 


[6 marks] 


Turn over for the next question 
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13 At the start of a roller coaster ride, a carriage is raised through a vertical height 
of 20 m to point A, as shown in Figure 17. 


Figure 17 


The mass of the empty carriage is 600 kg. 
The Earth’s gravitational field strength is 9.8 N/kg. 


13.1 Write down the equation which links gravitational potential energy, mass, 
the gravitational field strength and height. 


eee Pee eee eee eee eee eee eee ee eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee eee) 


[1 mark] 


13.2 Calculate the energy transferred (in kJ) to the gravitational potential energy store of the 
empty carriage as it is lifted to point A. 
Give your answer to 2 significant figures. 


itt ee eee eee eee eee eee eee eee eee eee eee ee eee eee eee ee eee eee eee ee ee ee ee 
ttt eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee 
eee eee eee ee ee eee eee eee eee eee eee eee eee eee eee eee eee eee ee ee 


Energy transferred to gravitational potential energy store = kJ 


[2 marks] 
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During the ride the carriage drops from point A to point B, as shown in Figure 17. 
Figure 18 shows a graph of the energy in the carriage’s gravitational potential energy 
store and kinetic energy store as it travels from point A to point B, assuming there is no 
friction or air resistance acting on the carriage. 


Figure 18 


Kinetic energy store 


Energy in energy store 


*s. Gravitational potential energy store 


A B 
Height 
13.3. Explain the shape of the lines in Figure 18 in terms of energy transfer and conservation 


of energy. 


eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee eee eee eee er) 
Bee eee 
eee PP PPP eee eee eee eee eee eee Cee eee ee eee eee eee CeCe eee ee eee ee eee eee eee eee eee eee eee eee eee eee eee eee) 


[2 marks] 


13.4 Point Ais 20 m above point B. 
Calculate the speed of the empty carriage as it reaches point B, assuming there is no 
friction or air resistance acting on the carriage. 
Use the correct equation from Physics Equation Sheet on the inside back cover. 
Use your unrounded answer from 13.2. 
Give your final answer to 2 significant figures. 


PTET EEETEE EEE eee eee eee CeCe CPC re Creer eee ee eee eee eee eee eee eee 


Speed of Caiage at POI SAE RMN, css sechcscalate asnaan cine m/s 
[4 marks] 
END OF QUESTIONS 
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X-rays can be used in hospitals for medical treatments and diagnoses. 
Figure 1 shows X-ray images used for diagnoses. 

X-rays are directed at a body part being examined. 

A detector is placed behind the body part to detect the X-rays that reach it. 


Figure 1 , 


POPUP eee eee ee eee eee ee eee eee ee eee eee eee eee eee ee eee eee ee eee eee eee eee reece ee ee eee eee eee eee eee ee eee eee eee eee eee eee eee eee ee eee eee eee eee ee 


[2 marks] 


eee eee eee eee eee eee eee ee eee eee ee ee ee eee eee eee eee eee eee ee eee eee eee ee ee eee eee eee eee eee ee eee ee eee eee eee eee eee eee ee eee eee eee eee eee 


[1 mark] 


When radiographers perform X-ray scans in hospitals, they often stand behind a lead 
screen while the X-rays are being used. 
Suggest why the screen is made of lead. 


PoeP PPP PPP P eee eee eee eee eee eee eee ee eee eee eee eee eee ee eee eee ee ee eee eee eee ee ee eee eee eee ee eee eee eee eee eee eee eee eee ee ee eee eee 


OOP UP e PPC CeCe CeCe CCPC Peer eee eee eee eee eee eee eee ee eee ee eee eee eee eee eee eee eee ee ee 


[1 mark] 


Give two medical conditions that X-rays can be used to either treat or diagnose. 


PORE UU REPU OCEPE CECE eee eee eee ee eee ee eee eee eee eee eee eee eee eee ee eee eee eee eee eee 


Poe EUEEEREEEE EEE eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 


[2 marks] 


Turn over for the next question 


Turn over >» 
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2 A remote control uses infrared radiation with a frequency of 2.5 x 10" Hz to transmit 3 
signals to a television. 
2.1 State what is meant by the ‘frequency’ of radiation. 
vil svecsanensedenevssubicen resudldcaueinoies bee aalldiee Bopp ts ea ieee et ae teeter pian: 
The speed of infrared radiation travelling thteteh air is approximately 3.0 x 108 m/s. 
2.2 Write down the equation which links wave speed, frequency and wavelength. 
beneaneaaceeseesedsender iecee son: / gg rr ce ee 
20 Calculate the wavelength of the radiation. 
Wavelengths 2a. es eo 
is ieee 
isveoibat neivy of 
wy iE -% al ohtiw nseme 


an.& aeece orl) yrlw e200! ic 


et. hee Bd 


For examiner's use 


3, piZias 
: be Ff a * 
we a}. nae 


2.4 


2.5 
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A student investigated the infrared radiation emitted by hot objects. Figure 2 shows 
a Leslie cube, which was filled with hot water. The Leslie cube has four coated faces: 
shiny black, shiny white, matt white and matt black. 


Figure 2 


matt white 
matt black ye 
ioc 


The student placed an infrared detector 10 cm from each face, one at a time, and 
recorded the intensity of infrared radiation detected. The results are shown on the 
bar chart in Figure 3. 


Figure 3 


Intensity of infrared 
radiation detected 


shiny matt shiny matt 
white white black black 


Faces of the Leslie cube 


Infrared emission is affected by both the texture and colour of a surface. 
Write down a conclusion from the data in Figure 3 about how each of these features 
affect infrared emission. 


se bi oe a nr ORE rr Se le Bee Ne ved edd vc de gale deuata vawaccoukesskveswiavesune 


[2 marks] 


The student repeated her experiment three times. She then used her repeat readings 
to calculated an average for the value of the intensity of infrared radiation detected at 
each face. 

Give one reason why it is important to do this. 


: [1 mark] 
Turn over for the next question 


Turn over > 


210 


3.2 


3.3 


3.4 


The Sun is a main sequence star. 


Stars are held together by gravitational attraction. 
Explain how the Sun remains stable and does not collapse under gravity. 


TUPLE REPEREREEEEE EERE eee eee eee eee eee ere reer errr reer ee eee eee 
TEPER ECEEEEEEEE EEE eee eee ree err rer err re eC 


TEPER EEREEEEEREEEEEEE EEE eee Cee eee eee eee eee) 


[2 marks] 


The Sun will eventually become a red giant star. 
State what the Sun will become immediately after its red giant stage. 


Tee eee eee eee eee ee eee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 


[1 mark] 


The Earth orbits the Sun. The planet Venus is sometimes called Earth’s twin. 
It has a very similar mass and diameter to the Earth, but is much hotter. 
Table 1 shows some data about Venus and Earth. 


Table 1 


Diameter Orbital Orbital speed | Gravitational field 
inkm_ |radius in km in km/s strength in N/kg 


Using the data from Table 1, what is the orbital speed of Venus? 
Tick one box. 


|_| 35kmis |_| 30km/s |] 25kmis 
[1 mark] 


Using the data in Table 1, compare the weight of the same object when 
on Venus and Earth. Explain your answer. 


eee eee 
phil eet tte ee CN ee ee Ce eared ee Pha he OCA wot Gero bie SRP PSr ile pan 


[2 marks] 
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A swimmer swims a length of a 20 m swimming pool in a straight line. 
The distance-time graph in Figure 4 shows her motion. 


Figure 4 


Distance in m 


Time ins 


Calculate the time it takes for the swimmer to complete the length. 


[1 mark] 


For part of her swim, the swimmer is travelling at a constant speed. 
Work out the time she spends travelling at a constant speed. 


[1 mark] 


Determine the resultant force on the swimmer when she is travelling 
at a constant speed. 


[1 mark] 


Between which of the following distances was the swimmer travelling fastest? 
Tick one box. 


ie Between 14 mand 15 m. 
& Between 9 m and 10 m. 
& Between 0 mand 1m. 
[1 mark] 


Question 4 continues on the next page 
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A camera travels along the length of the pool to film the swimmer’s length. 
It travels at a constant speed, and reaches the end of the pool in 25 s. 


E 
4.5 Write down the equation which links speed, distance and time. — 
sewesadapanesiusedudescebdssiisnetnociusveis quiet Maura oie oe soe sale RE gianna cits oUt Meese ne tte tea a ee 
4.6 Calculate the speed of the camera. 
SPCCd oe ak eee m/s 
[3 marks] 
4.7 On Figure 4, draw a distance-time graph to represent the motion of the camera. 
[2 marks] 
4.8 The camera cannot film the swimmer if it is behind her. 
Using Figure 4, explain whether the camera will be able to film the swimmer for the 
whole length. 
ae Sree ae aaa aaa | 
anirmnsist £8 , 
she iisiero 6 is | 


‘Tra Ki 


Watt . \ 


ad oc) wren 
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5 A student is given a set of apparatus, set up as shown in Figure 5. 
Figure 5 
«— clamp 
spring——> fixed 
ruler 
tape marking end 
of spring 
hanging 7 
mass 
weighted 
u stand 
masses 3 


5.1 Name the type of error which may be reduced by the use of the tape marker 
at the end of the spring. 


[1 mark] 
5.2 Describe how the student could use the experimental set-up in Figure 5 to 
plot a force-extension graph for the spring and find the spring constant. 
Question 5 continues on the next page [6 marks] 
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The student used the apparatus in Figure 5 to produce the graph shown in Figure 6. 


Figure 6 


—* 
\=) 


Force in N 
=v ND aa Ol Oo) I) Conc 


0; <4. 203) bAgS SiG Teno reOtad O 
Extension in cm 


5.3 The student marks point A on her graph where the shape of the graph changes. — 
Name point A. 


ae 


[1 mark] 


5.4 Using Figure 6, calculate the spring constant of the spring used in the experiment. 
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6 A student made a simple transformer from an iron core and two lengths of wire, as 
shown in Figure 7. He connected a 12 V alternating power supply to one of the coils 
and a lamp and voltmeter to the other coil. 


Figure 7 


eS) WV) 


primary coil secondary coil 


6.1 Explain how a potential difference is generated in the secondary coil. 


eee CeCe eee eee eee eee eee eee eee ee eee eee eee eee ee rr 
Poe PPP CCPC eee eee eee eee eee eee eee eee eee eee 
ee Pee eee CeCe eee eee eee eee eee eee ee a 


[2 marks] 


The student experimented with the transformer by changing the number of turns on the 
secondary coil and measuring the potential difference across the lamp each time. 
His results are plotted on Figure 8. 

| Figure 8 


7 


“| 5 2S ae aes 


Potential difference across lamp in V 


we | | 
POfemet |) 


Number of turns on secondary coil 


Question 6 continues on the next page 
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6.2 Draw a line of best fit on Figure 8. 


[1 mark] 
The generator in a power station produces an alternating voltage of 25 kV. 
This is changed to 400 kV by the transformer shown in Figure 9. 
Figure 9 
INPUT OUTPUT 
25 kV AC 400 kV AC 
6.3 Name the type of transformer shown in Figure 9. 
sik atalino bi ae ell a cate ec eee OT ee pean 


6.4 The primary coil has 5000 turns. 
Calculate the how many turns must there be on the secondary coil. 
Use the correct equation from the Physics Equation Sheet on the inside back cover. 


ee eee eee eee eee eee eee eee eee eee rr rr i 
eee eee ee eee eee eee eee ee ee ee ee a | 


[3 marks] 
6.5 The output current is 250 A. 
Calculate the input current. Assume the transformer is 100% efficient. / 
Use the correct equation from the Physics Equation Sheet on the inside back cover. 


[3 marks] 


v4 


7.1 


(i: 


7.3 


AVY 


A student wants to investigate the reflection of light from different surfaces. They use a 


ray box to shine a ray of white light onto a block of material, as shown in Figure 10. 


Figure 10 


block of material 


Measure the angle of incidence of the light ray in Figure 10. 


FAN HSG CEC) inter Fe FEY 8 = Rae = 
[1 mark] 


The student finds that when the light hits the block in Figure 10, it undergoes specular 


reflection. Complete the diagram in Figure 10 by drawing in the reflected ray. 
[2 marks] 


The student replaces the block of material with another material. This block of material 
is transparent. When the ray hits this material, it is transmitted into the block. 


When the light passes into the block, it is bent towards the normal. 
Describe how the speed of the light in the block differs from its speed in air. 


[1 mark] 


Turn over for the next question 
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8 A driving instructor is looking at the Highway Code. He finds the data shown 
in Table 3 about stopping distances for a well-maintained car travelling on dry 
roads at various speeds. 


Table 3 


mS 
me oss 
me: aie 
Ri: ae 
a 


14 
i2 4 
15 38 
18 55 
21 75 


MEEecie 


8.1 The data in Table 3 was obtained by observing a large number of drivers. 
Explain why it was sensible to use a large sample of people. 


TTT Cr Creer Tree eee eee eee ee eee ee eee eee ee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee 
eee eee ee eee eee eee eee eee eee ee eee ee eee eee eee ee eee eee eee eee eee eee eee 


[2 marks] 
8.2 Give one factor, other than speed, which affects the braking distance of a car. 


tee eee eee eee eee eee eee eee ee eee eee eee eee eee ee eee eee eee eee ee ee ee er | 


[1 mark] 


8.3 A Car Is travelling at 30 m/s and makes an emergency stop to avoid hitting a hazard. 
The driver applies the brakes when he is 100 m away from the hazard. 
Calculate the minimum deceleration required for the car to stop 
before hitting the hazard. 


Use the correct equation from the Physics Equation Sheet on the inside back cover. 


i eee eee eer eee ree rrr tr tr ri er rr i i ee ee ee ei | 
bile CI Oe ee rer ria hire ny Wier re boc sic ae er ee ied 
CI eR eT I ee Me I On tt ee te ie RIC enw elite cna Re tome ccreiecic cic cil 


gh ohits vcs ane ae ea m/s? 
[3 marks] 


org 


Modern cars contain many safety features. Figure 11 shows how a collapsible steering 
column works. When a crash occurs, the driver hits the steering wheel and the 
steering column collapses. 


Figure 11 


Driver hits 
steering wheel 
gun” as car crashes 


8.4 By considering rate of change of momentum, suggest how a collapsible steering 
column helps protect the driver from injury in the event of a car crash. 


Bee 
OCC eee eee eee ee eee eee eee eee eee eee eee ry 
eee eee eee eee eee eee eee eee eee eee eee eee ee eee eee or 


[3 marks] 


Turn over for the next question 
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9 Figure 12 shows how a fan can be powered by an electric motor. 
When current flows in the wire coil, the fan blades rotate. 


Figure 12 


fan blades 


split-ring 
commutator 


9.1 Name the effect used to rotate the fan. 


[1 mark] 


9.2 Explain how the effect named in 9.1 causes the fan blades to rotate when current flows © 
in the wire coil. 


ee eee eee eee eee eee eee eee eee Ce eee ee eee er rr rs 
te ee eee eee ee eee eee eer eee eee eee cece eee Cece ee eee ee eee ee ee ee ee 
tee eee eee ee ee eee eee eee eee eee eee eee ee eee ee ee ee ee ee ee 
eee eee eee eee eee ee eee ee ee 
ee eee eee ee eee eee ee eee eee ee ee re ee err i 


ee ee ee er i rr ry POU eee eee ee eee eee ee ee ees 


“2 marks] 
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The apparatus shown in Figure 13 can be used to show the force acting ona 
current-carrying bar in a magnetic field. When the switch is closed, current flows 
through the metal bar. The metal bar is free to move. 


Figure 13 
metal bar 


9.3 Explain whether or not a force will act on the bar when the switch is closed. 
Give a reason for your answer. 


eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee eee eee ee ee eee eee ee ee ee ee ee 


[2 marks] 


Microphones also use magnets to work. Figure 14 shows a diagram of the internal 
workings of a microphone. 


Figure 14 


coil of wire 


diaphragm 
attached to coil 


9.4 Describe how a microphone converts a sound wave into an electrical signal. 


eee ee eee eee eee eee eee eee eee eee eee eee eee eee ee eee eee eee 
eee eee eee eee eee eee CeCe CeCe eee CeCe CeCe eee eee Cee eee ee eee eee eee ee CeCe CeCe eee eee eee 
ROR 
RRR 
EEE TEE OEE EEE EEE ETE EEE EEE EET EEE ETE EEE 
eee eee eee eee eee eee ee eee ee eee eee 
RR EET 


Turn over for the next question [4 marks] 
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10.1 


10.2 


10.3 


10.4 


A student is looking at an object through a lens. 
A diagram of the object, image and lens is shown in Figure 15. 


Figure 15 


axis 


Name the type of lens the student is using in this experiment. 


eee CeCe eC eee eee eee eee eee eee eee eee eee eee ee eee rr 


[1 mark] 
Complete the ray diagram in Figure 15 to show how the image was formed. 
[3 marks] 
Use Figure 15 to find the focal length of the lens. 
Focal lengua ain n-erce cee ete mm 
[1 mark] 


Calculate the magnification of the lens using the heights of the object and image 
in Figure 15. . 


Use the correct equation from the Physics Equation sheet on the inside back cover. 


[2 marks] 
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11 A child is learning to ride a bicycle. He pushes down on the pedal with a force of 100 N, 
as shown in Figure 17. 


11.1 Write down the equation that links the moment, force, and the distance from the pivot. 


[1 mark] 
11.2 Calculate the moment, about point A, that the child exerts, and give the unit. 


[3 marks] 


11.3. Explain what will happen to the moment about point A if the child continues to push on 
the pedal with the same force while the pedal moves downwards. 


[2 marks] 


Turn over for the next question 
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12 A skydiver jumps from an aeroplane and his motion is recorded. 
Figure 16 shows the velocity-time graph of his fall. 


Figure 16 


Velocity 
in m/s 


A B 
SAL wa 
: ‘aoe a 


ede) 
ERE 


120 2450)er180Me210 3240 
Time ins 


12.1 Write down the equation that links weight, mass and the gravitational field strength. 


tee eee eee eee eee eee eee eee eee eee eee eee ee eee eee rr ry 


12.2 The skydiver has a mass of 80.0 kg. Calculate his weight. 
Use gravitational field strength = 9.8 N/kg. 


ttt eee eee eee eee eee eee eee eee Cece eee ee eee rece e eee cee ere 


oT 2 INS 06 DACK Cover 


insmnorm Stil | Weight = Hiw leartw we an Pols! 
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12.3. Explain the shape of the graph in Figure 16 from point A to point B, in terms of the 
motion of the skydiver and the forces acting on him. 


eee eee eee eee eee eee eee Cee ee ee eee eee eee eee eee ee eee eee eee eee eee eee eee eee ee ee 
eee eee ee eee ee eee eee eee eee eee eee eee eee eee eee eee ee ee 
eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee eee eee eee eee eee ee eee eee eee ee 
eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 
eee eee eee eee eee ee eee eee eee eee ee eee eee eee ee eee eee eee eee eee ee eee eee eee ee eee ee 
BR eee 
BR OOO OT Oe 
oC e Cee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee 
oe CeCe PCCP eee eee eee eee eee eee eee eee eee ee eee eee eee eee eee CeCe Cee eee ee 
eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee 
eee eee eee eee eee eee eee eee eee eee eee eee ry 
eee eee ee eee eee ee eee eee eee eee eee eee eee eee eee ee eee eee ee eee 
Tete eee eee eee eee ee eee eee eee 


eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee ee eee eee eee 


[6 marks] 

12.4 Using Figure 16, estimate the total distance travelled by the skydiver. 
DISTANCE = ..sandantet sets ake MPO aE bers OEt te ink Sanne. m 
[3 marks] 


END OF QUESTIONS 
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Answers 


Topic 1 — Energy 


Page 22 
Warm-Up Questions 


1) 


3) 
4) 


Any two from: e.g. mechanically (by a force 

doing work) / electrically (work done by when a 

current flows) / by heating / by radiation. 

Energy is transferred from the chemical energy store of the 
person’s arm to the kinetic energy stores of the arm and the 
ball (and the gravitational energy store of the ball). Once the 
ball is released, energy is transferred from the kinetic energy 
store of the ball to its gravitational potential energy store. 
kinetic energy = 4 x mass x (speed)? / E, = mv? 

A lorry travelling at 60 miles per hour. 


Exam Questions 


1.1 


gravitational potential energy = mass * gravitational field 
strength height / £, = mgh [1 mark] 
So, h= E, ~+(m X g) [1 mark] 
= 137.2 + (20 x 9.8) [1 mark] 
= 0.7 m [1 mark] 
Energy is transferred from the gravitational potential energy 
store /1 mark] to the kinetic energy store of the load /7 mark]. 
Some of the energy would also be transferred 
to thermal energy store of the air (and the 
thermal energy store of the load) /7 mark]. 
change in thermal energy = mass x specific heat capacity = 
temperature change / AE = mcA@ 
So, c= AE = (m x A@) [1 mark] 
A@ = 100 — 20 = 80 °C [1 mark] 
c = 36 000 + (0.5 x 80) [1 mark] 
= 900 J/kg °C [1 mark] 
Concrete has a higher specific heat capacity 
[1 mark] and so will be able to store a lot more 
energy in its thermal energy store /7 mark]. 


Even if you got the answer to 2.1 wrong, if your conclusion is correct for 
your answer to 2.1, you'd get the marks for this question. 


25! 


3.2 


Reading values from the start and end 
of the linear point on the graph: 
E.g. AE=3 —1=2kJ =2000 J 

Ad = 2.4—0.4=2 °C 
[1 mark for any values accurately calculated from 
a pair of points on the linear part of the graph] 
change in thermal energy = mass x specific heat capacity = 
temperature change / AE = mcA0@, 
So, c = AE + (m x A@) [1 mark] 

= 2000 + (1 x 2) [7 mark] 

= 1000 J/kg °C [1 mark] 
Lower /I mark]. In the investigation, some of the energy 
transferred by the heater would have been transferred to 
the thermal energy stores of the surroundings rather than 
the block /1 mark]. For the same temperature change to 
have occurred for a smaller amount of energy transferred, 
the specific heat capacity must be smaller /7 mark]. 


t's important to be able to spot reasons why the results of an investigation 
arent perfectly accurate. 
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Warm-Up Questions 


1) 


Energy can be transferred usefully, stored or 
dissipated, but can never be created or destroyed. 
Power is the rate of doing work. The units are watts. 
conduction, convection 

E.g. lubrication 

The higher the thermal conductivity. the 

greater the rate of the energy transfer (i.e. the 

faster energy is transferred) through it. 

Some energy is always dissipated, so less than 100% 
of the input energy transfer is transferred usefully. 


Answers 


Exam Questions 


ea power = work done = time / P= W = t [I mark] 
P= 1000 + 20 [1 mark] 
= 50 W // mark] 
iy Less energy is transferred to the thermal energy store of 


the motor’s parts and the surroundings /7 mark], so more is 
transferred to the scooter’s kinetic energy store /7 mark]. 
1.3 It will be faster / complete the course in less time 
[1 mark] because the motor transfers the same amount 
of energy, but over a shorter time /7 mark]. 
2a Any two from: e.g. use identical flasks / same temperature 
gel in each box / same mass of gel in each box / same mass of 
water in each flask /7 mark for each correct control variable]. 
ep) The water at 70 °C /1 mark]. The initial gradient of this 
graph is steeper than the graph for the 60 °C water / there 
is a greater temperature drop for the 70 °C water over 
the first minute than for the 60 °C water /7 mark]. 
2.3 10% 


= al 
_|----70° water[] 
Att 60° water} 


Temperature in °C 
DW 


= 


T 
z= 
ia 
4 
ie 
am 
NI 


S 


0 S) ee) 
Time in minutes 


[1 mark for correct tangent drawn at 5 minutes] 
E.g. Temperature change = change in y = 55 — 40 = 15°C 
Change in time = change in x = 11 -0 = 11 mins 
Rate of temperature change = 15 + 11 
= 1.36... = 1.4 °C/min (2 s.f.) 
[2 marks for a rate between 1.1 and 1.7 °C/min, 
otherwise I mark for an attempt to calculate 
gradient of a tangent to curve at 5 minutes] 
351 1000 — 280 — 200 = 520 J /7 mark] 
3) efficiency = useful output energy transfer + 
useful input energy transfer 
useful energy = thermal and kinetic energy 
= 200 + 520 = 720 W [1 mark] 
efficiency = 720 + 1000 /1 mark] 
= 0.72 (or 72%) [1 mark] 
33) 1 minute = 60 seconds, so 4 minutes = 60 x 4= 240s 
power = energy transferred + time / P= E + t 
So, E=P +t [1 mark] 
E= 1000 x 240 /1 mark] 
= 240 000 J /1 mark] 
4.1 efficiency = useful output energy transfer + 
useful input energy transfer /7 mark] 
4.2 efficiency = useful output energy transfer + 
useful input energy transfer 
= 480 + 1200 [7 mark] 
= 0.4 (or 40%) /7 mark] 
4.3 power = energy transferred + time / P= E + t 
| minute = 60 seconds 
So, output power = 600 + 60 [7 mark] 
= 10W [1 mark] 
4.4 efficiency = useful output power ~ total output power 
So, total input power = useful output power 
+ efficiency {7 mark] 
total input power = 10 + 0.55 [1 mark] 
= 18.181... = 18 W (to 2 s.f.) [7 mark] 
4.5 Disagree [1 mark]. Torch B has a lower input energy transfer 
than torch A, i.e. it transfers less energy per minute than 
torch A (as 18 x 60 = 1080, and 1080 < 1200) /7 mark]. 
Even if you got the answer to 4.4 wrong, if your conclusion is correct for 
your answer to 4.4, you'd get the marks for this question. You could also 
answer this question by comparing the input powers of the torches. 


5) 


Sel 
D2 


Bee 


E.g. use cavity wall insulation /7 mark]. 

How to grade your answer: 

Level 0: There is no relevant information. {No marks] 
Level 1: There is a brief explanation of an experiment to 
measure how effective the films are as insulation 
using the equipment shown. The answer lacks 
coherency. /I to 2 marks] 

There is an explanation of an experiment to 
measure how effective the films are as insulation 
using the equipment shown. There is some 
discussion of how to compare the effectiveness 
of the two films. The answer has some structure. 
[3 to 4 marks] 

There is a clear and detailed explanation of an 
experiment to measure how effective the films 
are as insulation using the equipment shown. 
There is a clear explanation of how to compare 
the effectiveness of the two films. The answer is 
well structured. /5 to 6 marks] 

Here are some points your answer may include: 

Wrap one of the beakers in one type of film and another 
other in the second type of film. 

Leave the third unwrapped. This is the control. 

Pour boiling water from a kettle into all three beakers. 

Cover the beakers with lids to minimise energy loss from the 
top between temperature readings. 

Insert a thermometer through the lid of each beaker. 

Record the starting temperature of the water in each beaker. 
Take the temperature of the water after regular intervals of- 
time, e.g. every minute, for ten minutes. 

Compare the temperatures of the water in the wrapped 
beakers with the temperature of the water in the control 
beaker at each reading. 

If the films prevent energy transfer, the temperature of the 
film-covered beakers should be higher than the control at 
most of the recorded times. 

Compare the water temperatures of the water in the wrapped 
beakers to each other. 

If one film is a better insulator than the other, the temperature 
of the water in that beaker should be higher than the other for 
most of the recorded times. 

E.g. see if someone else gets the same result 

using different equipment /7 mark]. 


Level 2: 


Level 3: 
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Warm-Up Questions 


1) 


2) 


3) 


4) 


5) 


Any three from: coal / oil / natural gas / 

nuclear fuel (plutonium or uranium). 

Advantage: E.g. they'll never run out. 

Disadvantage: Any one from: e.g. energy output often 
depends on outside factors which cannot be controlled / they 
can’t respond to immediate increases in energy demands. 
E.g. Bio-fuels can be used to run vehicles 

/ electricity generated using renewable 

resources can be used to power vehicles. 

Any two from: e.g. it releases greenhouse gases 

and contributes to global warming / it causes acid 

rain / coal mining damages the landscape. 

Any two from: e.g. renewable resources don’t currently 
provide enough energy / energy from renewables 

cannot be relied upon currently / it’s expensive to 

build new renewable power plants / it’s expensive 

to switch to cars running on renewable energy. 


22% 


Exam Questions 


itl: 


ee 


2a 


Ze 


Bhal 


Any two from: e.g. wave / tidal / geothermal / bio-fuels 
[1 mark for each correct renewable energy resource]. 
Any one from: e.g. flooding a valley for a dam 
destroys animal habitats / carbon dioxide is released 
by rotting vegetation in flooded valley /7 mark]. 
From the gravitational potential energy store of the 
water /7 mark] to its kinetic energy store /7 mark]. 
E.g. they cause no pollution / they use a 
renewable energy source /7 mark for each correct 
advantage, up to a maximum of two]. 
power = energy transferred + time / P=E +t 
So, E=P x t [1 mark] 
seconds in 5 hours = 5 x 60 x 60 = 18 000s 
Energy provided by | m* solar panel 

in 5 hours = 200 x 18 000 /7 mark] 

=3 600 000 J [7 mark] 

Number of panels needed = energy needed + energy provided 
= 32 500 000 = 3 600 000 [7 mark] 
= 9.027... = 10 panels (to next whole number) // mark] 


Remember, because you have to have a set number of whole panels, if you 
get a decimal answer, you need to round up to the next whole number to 
be able to provide the right amount of energy. 


Sh 


3-3) 


Ten | m* solar panels are needed, and they have 10 m? 

of space on their roof (10 x 1 m* = 10 m?), so the 

family can install sufficient solar panels /7 mark]. 

E.g. Solar panels are less reliable than coal-fired power 
stations {1 mark]. The energy output of the solar panels will 
vary based on the number of hours of good sunlight, and 
may not be able to provide enough energy on a given day 

[1 mark]. The energy output of coal-fired power stations is 
not influenced by environmental factors like weather, and 
energy output can be increased to meet demand /7 mark]. 


Topic 2 — Electricity 
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Warm-Up Questions 


1) 
2) 


3) 
4) 


5) 
6) 


Ohms / Q 
The greater the resistance, the smaller the current / 
the smaller the resistance, the greater the current. 


<a 


am 


Any one from: e.g. a wire / a fixed resistor 

In parallel. 

A graph that shows how the current flowing through a 
component changes as the potential difference across it varies. 


Exam Questions 


1.1 


IRS) 


potential difference = current x resistance / V=/R 
So, R= V +I [1 mark] 
= 1.5+0.30 [1 mark] 
= 5.0 © [1 mark] 
charge = current x time / O = /t 
= 0.30 x 35 [1 mark] 
= 10.5 C [1 mark] 
The amount of current flowing through - 
the circuit will decrease /7 mark]. 


[1 mark] 


The resistance of the filament lamp increases 
as the temperature increases /7 mark]. 


Answers 


228 


2.1 Potential difference (across the component) /J mark]. 
Di Diodes only allow current to flow in one direction /7 mark]. 
23 At point A, V=6 V,J=3 A [1 mark] 


potential difference = current x resistance / V = JR 
R=V-=+I [1 mark] 


= 63 [1 mark] 

=2 0/1 mark] 
Page 51 
Warm-Up Questions 
1) Any one from: e.g. in automatic night lights 

/ outdoor lighting / burglar detectors. 
2) The resistance decreases. 
3) Eg: 
+ ee 

4) Any one from: e.g. if you remove or disconnect one 


component, then the whole circuit is broken / you 
can’t switch components on or off independently. 


5) The total resistance is the sum of all the resistances. 
6) Two resistors connected in series. 
7) Eo 

Gem 

Oo ”N 

oG 

Oo NUN 

= 

HPS 

A oO 

‘A EF 

o 

o o 


Number of resistors 


Exam Questions 


ei total resistance = R, + R, + R, 
=2+3+5 /1 mark] 
= 100 [J mark] 
(2 The current will be 0.4 A /7 mark] because 
in a Series circuit, the same current flows 
through all parts of the circuit {7 mark]. 


es; V = source pd 
Va a 
=4-—0.8-1.2 [1 mark] 
=2V [1 mark] 
P| 15 V [1 mark] 


Potential difference is the same across each branch in a parallel circuit. 


142 potential difference = current x resistance / V=/R 
I=V+R [1 mark] 
=15~+3 [1 mark] 
=5A [1 mark] 
25 [,=5+ 3.75 [1 mark] 
=8.75A [1 mark] 
Even if you got the answer to 2.2 wrong, award yourself the marks for 
2.3 if you did the sum above correctly. 
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Warm-Up Questions 

1) The live wire, neutral wire, and earth wire. 

2) Energy is transferred electrically to the thermal 
energy store of the heating element. 

3) power = (current) x resistance / P= ?R 

4) The network of cables and transformers that 


distributes electricity across the country. 


Answers 


Exam Questions 


Git Alternating current is produced by an alternating potential 
difference in which the positive and negative ends keep 
alternating / which is constantly changing direction /7 mark]. 

il 2 The live wire is at a potential difference of around 
230 V /1 mark]. Touching the wire forms a 
low-resistance path from the wire to the earth through 
your body /1 mark], causing a large current to flow 
through you, which is an electric shock /7 mark]. 

2 Step-up transformers increase the potential difference 
[1 mark] of the electricity supply, allowing the electricity 
to be transmitted at a high potential difference, and 
so a low current /7 mark]. This reduces the energy 
lost through heating in the cables /7 mark]. 

Ball power = potential difference < current / P= V x I [1 mark] 

32 Il=P~+V [1 mark] 

= (2.8 x 1000) + 230 [1 mark] 
= 12.17... A =12 [1 mark] A [1 mark, allow ‘amps’] 

33 She should choose kettle B because it has the higher 
power rating /7 mark]. This means that it transfers 
more energy usefully / to heat the water per unit 
time, so it will boil the water faster /7 mark]. 

4.1 power = potential difference x current / P = 1/V 
P=0.5 x 3.0 {1 mark] 

= 1.5 W [1 mark] 
energy transferred = power x time / EF = Pt 
t= 0.5 hours = (30 x 60) s= 1800s 
E=1.5 x 1800 [1 mark] 


= 2700 J [1 mark] 
4.2 energy transferred = charge flow x potential difference / 
E=QOV 


So, O=E~+V [1 mark] 
OQ = 2700 + 3.0 [1 mark] 
= 900 C /1 mark] 
In the exam, you'd probably get all the marks for 4.2 if you did the sum 
above correctly, even if you got the answer to 4.1 wrong. 
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Warm-Up Questions 

1) It becomes positively charged. 
a) electrons 

3) attract 

4) electrically charged objects 

5) It increases. 


Exam Questions 


1A The charge on the cloth is +1.6 nC /7 mark]. 
122 Electrons are transferred from the cloth 

and onto the sphere /7 mark]. 
1.3 B [1 mark] 


1.4 
—3 nial) 


[1 mark for arrow drawn at answer to 1.3, 
pointing away from sphere] 
1s A strong electric field can ionise particles in the air 
[1 mark]. This makes the air conductive and allows charge 
to flow to the earth in the form of a spark /7 mark]. 
2 A [I mark]. The rod is negatively charged so would 
repel the negative charges in the balloon /7 mark], 
making them move away from the rod /7 mark]. 


alae 


Topic 3 — Particle Model of Matter 
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Warm-Up Questions 


1) 


2) 
3) 
4) 


5) 
6) 


In a liquid, the particles are held close together, but can 
move past each other. They form irregular arrangements. 
The particles move in random directions at low speeds. 
Density is a measure of the amount of mass 

in a given volume / compactness. 

Cooling a system decreases its internal energy. 

The specific latent heat of vaporisation of a 

substance is the amount of energy needed to change 

1 kg of that substance from a liquid to a gas. 

J/kg 

Atmospheric pressure decreases with height, so as the helium 
balloon floats upwards, the pressure outside the balloon 
decreases. This causes the balloon to expand until the 


pressure inside drops to the same as the atmospheric pressure. 


Exam Questions 


tl 
12 
13 
oR | 


De 


2S 


Particles are held close together in a fixed, regular pattern 
[1 mark]. They vibrate about fixed positions /7 mark]. 
melting /7 mark] 

evaporation /7 mark] 

The densities of each of the toy soldiers are the 

same, but their masses may vary /7 mark]. 

The volume of the toy soldier / the volume of 

water displaced by the toy soldier /7 mark]. 

The mass of the toy soldier /7 mark]. 

How to grade your answer: 

Level 0: There is no relevant information. {No marks] 
Levell: There is a brief explanation of an experiment to 
measure the density of the toy soldier. 

The answer lacks coherency. // to 2 marks] 
There is an explanation of an experiment to 
measure the density of the toy soldier, with 
reference to the equipment needed. The answer 
has some structure. /3 to 4 marks] 

There is a clear and detailed explanation of an 
experiment to measure the density of the toy 
soldier. The method includes details of the 
equipment needed and how to process the results 
to work out the density of the toy soldier. The 
answer is well structured. /5 to 6 marks] 

Here are some points your answer may include: 

Measure and record the mass of the toy soldier using the 
mass balance. 

Fill a eureka can with water. 

Place an empty measuring cylinder beneath the spout of the 
eureka can. 

Submerge the toy soldier in the eureka can. 

Measure the volume of water displaced from the eureka can 
using the measuring cylinder. 

The volume of water displaced is equal to the volume of the 
soldier. 

Use the equation ‘density = mass + volume / p=m+V 

to calculate the density of the toy soldier. 


Level 2: 


Level 3: 


With questions where you have to describe a method, make sure your 
description is clear and detailed. 


Pl 
3.2 


specific latent heat of fusion /7 mark] 
thermal energy for a change of state = 
mass * specific latent heat / E = mL 
So, L=E~+m [1 mark] 
40.8 g = (40.8 + 1000) kg = 0.0408 kg 
L=47.7 = 0.0408 [1 mark] 
= 1170 J/kg (to 3 s.f.) [1 mark] 


333 


3.4 


4.1 


4.2 


4.3 


4.4 


4.5 


weg 


The internal energy of the system increases as it’s 
heated /7 mark]. This is because heating a system 
transfers energy from thermal energy stores to the 
kinetic stores of the particles in the system /] mark]. 
When a system is heated, energy is transferred to the 
particles in the system, causing them to gain energy 
in their kinetic stores/move faster /7 mark]. If the 
substance is heated enough, the particles will have 
enough energy in their kinetic stores to break the bonds 
holding them together, so they change state /7 mark]. 
The particles in a gas have high energies /7 mark], move 
in random directions at high speeds /7 mark] and are not 
arranged in any pattern /7 mark]. 
In a sealed container, the gas particles collide with the 
container walls /7 mark] and exert a force on the walls, 
(creating an outward pressure) /7 mark]. 
density = mass + volume / p =m ~ V [1 mark] 
p=8.2 + 6.69 [71 mark] 

= 1.2 g/cm? /3 marks for correct answer, 

including units. Deduct 1 mark if reported to 

an incorrect number of significant figures and 

deduct I mark if incorrect units given] 
The pressure of the gas within the container increases 
as the container is heated /7 mark]. This is because the 
increase in temperature causes the particles to move faster 
/ increases the energy in the kinetic energy stores of the 
particles, meaning more force is exerted on the walls of the 
container when the particles collide with it /7 mark]. The 
increased speed / average energy in kinetic stores of the 
particles also means there are more collisions, which also 
increases the total force exerted on the container /7 mark]. 
density = mass + volume / p =m +V 
So, m= p x V [1 mark] 
volume of cube = 1.5 x 1.5 x 1.5 =3.375 cm3 [1 mark] 
The cube’s density is 3500 kg/m?. 
1 g/cm? = 1000 kg/m’, so this is 
3500 + 1000 = 3.5 g/cm? /1 mark] 
m= 3.5 x 3.375 [1 mark] 

= 11.8125 = 12 g (to2 s.f.) [7 mark] 
pV = constant 
So, when V = 0.034 m3 and p = 98 kPa, 
pV = 0.034. 98 = 3.332 [1 mark] 
When V = 0.031 m3, p x 0.031 = 3.332 
So p = 3.332 + 0.031 /1 mark] 

= 110 kPa (to 2 s.f.) [7 mark] 


Topic 4 — Atomic Structure 
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Warm-Up Questions 


1) 


2) 


3) 


4) 


5) 
6) 
7) 


The nuclear model of the atom contains a tiny nucleus 
which contains protons and neutrons. The rest of the 
atom is mostly empty space. Electrons exist in fixed 
energy levels round the outside of the nucleus. 

Isotopes of an element are atoms with the same number 
of protons / the same atomic number but a different 
number of neutrons / a different mass number. 

alpha particles * 

Beta emitters are not immediately absorbed, like 

alpha radiation, and do not penetrate as far as gamma 
rays. Therefore variations in the thickness of the sheet 
significantly affect the amount of radiation passing through. 
beta radiation 

gamma rays 

Substances with a short half-life decay very quickly 

so emit high amounts of radiation initially. 


Answers 


230 


Exam Questions 


1K 


31 


a2 


be. 
4.1 
4.2 


4.3 


44 


Beta (particles) /7 mark], because the radiation passes 
through the paper, but not the aluminium, so it is moderately 
penetrating in comparison to the other two /J mark]. 

E.g. a Geiger-Muller tube/counter /7 mark] 

The time taken for the number of radioactive nuclei in 

a sample to halve / the time taken for the count-rate or 
activity to fall to half of its initial level /7 mark]. 

4 minutes is equivalent to 4 + 2 = 2 half-lives {I mark]. 
After 1 half-life, there will be % of the unstable nuclei left. 
So, after 2 half-lives, there will be +2 ='%/ one quarter 
of the unstable nuclei left /7 mark]. 

2 x 60 = 120 seconds 

120 + 40 = 3 half-lives /7 mark] 

8000 + 2 = 4000, 4000 + 2 = 2000, 

2000 + 2 = 1000 Bq /7 mark] 

8000 + 2 = 4000, 4000 + 2 = 2000, 2000 + 2 = 1000, 

1000 + 2 = 500, 500 + 2 = 250. 

So it takes 5 half-lives to drop to 250 Bq /2 marks 
for correct answer, otherwise I mark for attempting 

to halve values to find number of half-lives]. 

(100 = 8000) x 100 {7 mark] = 1.25% [1 mark] 

Protons {1 mark] and neutrons /7 mark]. 

The total number of protons and neutrons 

in the nucleus/atom /7 mark]. 

Atom A and atom B /7 mark] because isotopes of 

the same element have the same atomic number, 

but different mass numbers /7 mark]. 

They have opposite charges /7 mark]. 


You have to use some of your knowledge from Topic 2 here. An electric field 
will cause an attractive force on one charge, and a repulsive force on the 
opposite charge, so they'll be deflected in opposite directions. 


Sal 
ay? 


3.3 


5.4 


Bg. ve /'8 [1 mark] 

The atomic number increases by | /7 mark] and 
the mass number stays the same /7 mark]. 

The atomic number doesn’t change /7 mark] and 
neither does the mass number /7 mark]. 


209 205 4 
me 3 
; ,Po ase + He 


2 
[1 mark for both the mass number and atomic 
number of He, I mark for the atomic number 


of Po, 1 mark for the mass number of Pb] 
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Warm-Up Questions 


1) 


2) 


3) 


4) 
5) 


Any three from: e.g. food / rocks / building materials 

/ cosmic rays / nuclear explosions / nuclear waste. 
Radioactive contamination is caused when 

radioactive atoms gets into or onto an object. 

Radioactive irradiation occurs when objects are 

exposed to radiation from a radioactive source. 

Any two from: e.g. always handle a source with tongs 

/ never allow the source to touch the skin / never have 

the source out of its lead-lined box for longer than 
necessary / wear gloves when handling the source. 

E.g. because it is ionising and can damage cells. 

Alpha radiation can’t penetrate the skin and is easily blocked 
by a small air gap, so cannot damage tissue inside the body 
through irradiation. Ifa person is contaminated with alpha 
radiation however, it is very dangerous as alpha sources are 
highly ionising and do lots of damage to nearby tissue. 


Exam Questions 


121 
ita 


The cells will be killed /7 mark]. a 

Any one from: e.g. so other scientists can check to see if the 
data is reproducible / so other scientists can check to see if 
the data is repeatable /7 mark]. 


Answers 


2A 


22. 
3.1 


A uranium-235 nucleus absorbs a neutron /7 mark] and splits 
into two smaller nuclei and releases 2 or 3 neutrons 

[1 mark]. Some of these neutrons go on to start other 
fissions, and so on, creating a chain reaction /7 mark]. 
There could be an explosion /7 mark]. 

lodine-123 is absorbed by the thyroid gland just like normal 
iodine-127, but it is radioactive / gives out radiation 

[1 mark]. This radiation can be detected outside of the 
patient /7 mark]. The radiation produced can be monitored 
to see if the thyroid gland is working correctly /7 mark]. 
Technetium-99m /1 mark] because it’s got a short 

half-life, which means it won’t be very radioactive 

inside the patient for long /7 mark]. It’s also a gamma 
source, which means it’ll pass out of the patient 

without causing much damage/ionisation /7 mark]. 


Topic 5 — Forces 
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Warm-Up Questions 


1) 


2) 

3) ea) 
b) 
c) 

4) 


Contact force: e.g. air resistance 

Non-contact force: e.g. gravitational attraction 
Vector quantity: e.g. velocity / momentum / force 
Scalar quantity: e.g. mass / speed / volume 

N/kg 

kg 

N 

If all force arrows placed tip-to-tail form a 
closed loop, the forces are balanced. 


Exam Questions 


tll 


Dall 


DD, 


Total force to the right = 1700 + 300 = 2000 N 
Total force to the left = 2000 N 
Total horizontal force = 2000 — 2000 = 0 N [1 mark] 
Resultant force = downwards force — upwards force 
= 800 — 300 
= 500 N /J mark] downwards [1 mark] 
Total vertical force = 0 N 
so, y= 400 N /7 mark] 
Total horizontal force = 0 N 
so, x + 500 N = 2000 N 
x = 2000 — 500 = 1500 N /7 mark] 
work done = force x distance moved along the line of action 
of the force / W = Fs 
W = 42 000 x 700 [7 mark] 
= 29 400 000 J [7 mark] 
= 29 400 kJ [1 mark] 


200 000 N 


57 000 N 15 000 N 


200 000 N 


[1 mark for four arrows in directions shown, I mark 
for upwards arrow same length as downwards arrow, 
I mark for driving force arrow bigger than resistive 
force arrow, I mark for all arrows labelled correctly] 


You'd still get the marks if you've drawn the driving force to the right, and 
the resistive force to the left, as the direction that the train was travelling in 


was not specified in the question. 


Set The spring would stretch less on Mars because the 
gravitational field strength on Mars is less than that on 
Earth /7 mark], so the ball would weigh less /7 mark] 
and the force on the spring would be lower /J mark]. 
32 weight = mass * gravitational field strength / W = mg 
so g= W-=+m [1 mark] 
= 0.37 + 0.10 [7 mark] 
= 3.7 N/kg [1 mark] 
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Warm-Up Questions 


1) Force = spring constant x extension / F = ke 

2) The limit of proportionality is the point at 
which the spring stops behaving according to 
F =ke/ F is no longer proportional to e. 


3) moment = force x perpendicular distance from pivot / 
M=Fd 

4) Nm (newton metres) 

Exam Questions 

lied The mass on the bottom of the spring / the force 
applied to the bottom of the spring /7 mark]. 

ee Any one from: e.g. the spring used throughout the experiment 
/ the temperature the experiment is carried out at /7 mark]. 

13 extension = 2.5 cm = 0.025 m /7 mark] 


force = spring constant x extension / F = ke 
so k= F +e [1 mark] 
=4-+ 0.025 [1 mark] 
= 160 N/m [J mark] 
Remember to convert the measurement of extension from cm into m before 
you do your calculation. 
1.4 The spring has been inelastically deformed /7 mark]. 
Dal distance = 3 cm = 0.03 m {J mark] 
moment = force x distance / M = Fd 
M=15 x 0.03 [1 mark] 


= 0.45 Nm [1 mark] 
22 distance = 12 cm = 0.12 m /J mark] 
M=Fd 


= 15 x 0.12 [1 mark] 
= 1.8 Nm /] mark] 
23 The B end should be put into the bolt /7 mark] because 
it produces the greater moment, making the bolt easier 
to turn when a given force is applied /7 mark]. 
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Warm-Up Questions 


1) Pressure is the force on a surface per unit area. 

2) Height of the column, and the gravitational field strength. 
3) 3.5N 

4) As altitude increases, atmospheric pressure decreases. 


Exam Questions 


Gi! It is more dense than water /7 mark]. 

Le pressure = height of column x density x gravitational field 
strength / p = hog 
h= (50 + 100) —(8 + 100) = 0.42 m /7 mark] 
p=0.42 x 1000 x 9.8 [1 mark] 


= 4116 Pa /7 mark] 
= 4100 Pa (to 2 s.f.) [1 mark] 
al | pressure = force (normal to surface) + area/p =F +A 
p=175+0.25 [1 mark] 
= 700 Pa /J mark] 
22 Since liquid cannot be compressed, pressure on piston 2 is 


equal to the pressure applied by piston 1. 
pressure = force (normal to surface) + area / p= F +A 
So, F=p <A [1 mark] 

= 700 x 1.3 [1 mark] 

= 910 N /J mark] 


231 
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Warm-Up Questions 


1) Speed is scalar, velocity is a vector / 
velocity has a direction, speed does not. 
2) a) E.g.3 m/s 
b) E.g. 55 m/s 
c) E.g. 250 m/s, 
Your answers may be slightly different to these, but as long as they're about 
the same size, you should be fine to use them in the exam. 


3) An upwards curved line / a curve with increasing gradient. 
4) A straight, horizontal line. 
5) As the speed of the car increases, air 
resistance on the car increases. 
6) Her new terminal velocity is lower than 


her original terminal velocity. 


Exam Questions 


tea The cyclist travels at a constant speed 
(of 3 m/s) between 5 s and 8 s [7 marky, 
then decelerates between 8 s and 10s /Z mark/. 
1e2 Area of triangle = 0.5 < width x height 
Width =5—2=3s 
Height = 3 m/s 
Distance = 0.5 x 3 x 3=4.5 m 
[2 marks, otherwise I mark for an attempt to calculate 
the area under the graph between 2 and 5 seconds] 
18S Acceleration is given by the gradient of a velocity-time graph. 
change in y=3—0=3 m/s 
change inx =5—2=35 
acceleration = 3 + 3 = 1 m/s? 
[2 marks, otherwise 1 mark for an attempt to calculate 
the gradient of the line between 2 and 5 seconds] 
You could also have used a = Av + At here. 
1.4 average acceleration = change in velocity + change in time / 
a=Av~+At 
velocity at 8 s =3 m/s; velocity at 10 s = 2 m/s 
so Av = 2 —3 =—1 m/s [1 mark] 
So, a=—1 +2 [1 mark] 
=—0.5 m/s? 
= 0.5 m/s? [1 mark] 
Your answer should be positive since the question asks for deceleration, 
rather than acceleration. 


2a ON {1 mark] 
PADI Parachutist A is travelling at a constant velocity / 
their terminal velocity /7 mark]. 
23 700 N [1 mark] because in free fall, at terminal velocity the 
air resistance is equal to the parachutist’s weight /7 mark]. 
2.4 Parachutist A will have a higher terminal velocity 


[1 mark], since he weighs more /1 mark]. Air resistance 

increases with speed /7 mark] so the parachutist will 

accelerate to a higher speed before air resistance can 

equal their weight and reach terminal velocity /7 mark]. 
Ps When the parachute opens, the surface area of the 

parachutist increases, so the air resistance increases 

[1 mark] and they decelerate until the forces rebalance and 

they reach a new, smaller terminal velocity /7 mark]. 
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Warm-Up Questions ; 
1) ON 

2) boulder B 


Boulder B needs a greater force to accelerate it by the same amount as 
boulder A. 


3) true 
This is Newton's Third Law. 
4) Masses should be added to the trolley. 


Answers 


252 
Exam Questions 


a The ball exerts a force of —500 N on the bat /7 mark], 
because, due to Newton’s Third Law, if the bat exerts 
a force on the ball, the ball exerts an equal force 
on the bat in the opposite direction /7 mark]. 
ee The acceleration of the ball is greater /7 mark] 
because it has a smaller mass, but is acted on by 
the same size force (and F = ma) [1 mark]. 
Aa force = mass * acceleration / F = ma 
So, a= F +m [1 mark] 
Set direction of van’s motion to be positive, so F = —200 N 
a =—200 + 2500 [1 mark] 
=—0.08 m/s? 
So, deceleration = 0.08 m/s? {1 mark] 
The question asked for deceleration, so you should really quote your answer 
without the minus sign. However, you should get the marks either way. 
2D force = mass * acceleration / F = ma 
F= 10.0 x 29.0 [1 mark] 
= 290 N [1 mark] 
BS) By Newton’s Third Law, force on van 
in collision is —-290 N [7 mark]. 
force = mass * acceleration / F = ma 


So,a=F+m 
a=-—290 + 2500 /1 mark] 
=—0.116 m/s? 


So deceleration = 0.116 m/s? /7 mark] 
You'd still get the marks here, even if you got 2.2 wrong, as long as your 
method's correct. 
Bie How to grade your answer: 
Level 0: ‘There is no relevant information. {No marks] 
Level 1: | A simple experiment to investigate force and 
acceleration which can be performed with the 
given equipment is partly outlined. 
The answer lacks coherency. /1 to 2 marks] 
An experiment to investigate force and 
acceleration which can be performed with the 
given equipment is outlined in some detail. 
The answer has some structure. /3 to 4 marks] 
An experiment to investigate force and 
acceleration which can be performed with the 
given equipment is fully described in detail. 
The answer is well structured. /5 to 6 marks] 
Here are some points your answer may include: 
Place all of the masses in the trolley. 
Calculate and record the weight of the trolley. 
Place the trolley on the starting line. 
Release the trolley, so that it moves through the light gate, 
and record the acceleration measured. 
Take one of the masses from the trolley, and attach it to the 
hook. 
Calculate and record the new total weight of the hook and the 
new total weight of the trolley. 
Reset the position of the trolley on the starting line. 
Release the trolley again so that it moves through the light 
gate, and record the acceleration measured. 
Repeat these steps until all the masses from the trolley have 
been moved to the hook. 
Plot your results on a graph of acceleration against weight, 
and draw a line of best fit. 


Level 2: 


Level 3: 
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Warm-Up Questions 


1) The thinking distance is the distance travelled 
during your reaction time (the time between 
seeing a hazard, and applying the brakes). 

2) The braking distance. 

3) Any one from: e.g. poor grip on the roads increases braking 
distance / poor visibility delays when you see the hazard / 
distraction by the weather delays when you see the hazard. 


Answers 


4) Get the individual to sit with their arm resting on the edge of 
a table. Hold a ruler end-down so that the 0 cm mark hangs 
between their thumb and forefinger. Drop the ruler without 
warning. The individual must grab the ruler between their 
thumb and forefinger as quickly as possible. Measure the 
distance at which they have caught the ruler. 

Use v? — uv? = 2as, a = 9.8 m/s* and a= Av+t 
to calculate the time taken for the ruler to fall 
that distance. This is their reaction time. 

5) Energy is transferred from the kinetic energy stores of 
the wheels to the thermal energy stores of the brakes. 


Exam Question 


ited stopping distance = braking distance + thinking distance, 

So, braking distance = stopping distance 
— thinking distance /7 mark] 

At 40 mph, 
stopping distance = 35 m (accept between 34 m and 36 m) 
thinking distance = 13 m (accept between 12 m and 14 m) 
[1 mark] 
braking distance = 35 — 13 [1 mark] 

= 22 m (Accept correct for 

above readings) {7 mark] 

re: braking distance /J mark] 

The stopping distance is over twice as high as the thinking distance at 

50 mph, so the braking distance must be bigger than the thinking distance. 

{hes} Stopping distance is not directly proportional to speed 
[1 mark]. If stopping distance and speed were directly 
proportional, the relationship between them would be 
shown by a straight line / would be linear /7 mark]. 

1.4 If the road were icy, the thinking distance graph would not 
change /J mark] but the stopping distance graph would get 
steeper (as the braking distance would increase) /7 mark]. 

The thinking distance graph doesn't change, because the icy road won't 

change your reaction time. But it will decrease the friction between the car 

and the road, so the braking distance increases. 
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Warm-Up Questions 
1) p=mv=2,55 x 10=25 kg m/s 
2) In a closed system, the total momentum before an interaction 
must equal the total momentum after the interaction. 
3) The momentum is zero. 
4) It decreases the force. 
Exam Questions 
Wei momentum = mass x velocity / p = mv [I mark] 
12 p= 60 x 5.0 [1 mark] 
= 300 kg m/s /7 mark] 
1.3 force = change in momentum ~ time taken / F = mAv + At 


Gymnast comes to a stop, so mAv = 300 kg m/s 
F=300= 1.2 [1 mark] 


= 250 N /7 mark] 
Del momentum = mass * velocity / p = mv 
p= 650 x 15.0 [1 mark] 
= 9750 kg m/s [7 mark] 
PIP momentum before = momentum after 


Set direction of first car to be positive. 
momentum of second car = 750 x (—10.0) 
=—7500 kg m/s [7 mark] 
Total momentum before = 9750 + (—7500) 
= 2250 kg m/s [7 mark] 

Total momentum after = (mass of car 1 + mass of car 2) x v 
2250 = (650 + 750) x v 
so, v= 2250 + (650 + 750) [1 mark] 

= 2250 + 1400 

= 1.607142... [1 mark] 

= 1.61 m/s (to 3 s.f.) [1 mark] 


23 The crumple zone increases the time taken by the car 
to stop / change its velocity /1 mark]. The time over 
which momentum changes is inversely proportional to 
the force acting, so this reduces the force /1 mark]. 


3 momentum before = momentum after 
momentum of neutron before = 1 x 14 000 
= 14000 
momentum of uranium before = 235 x 0 
= 0 [1 mark] 
momentum of neutron after = 1 x —13 000 
= —13 000 


momentum of uranium after = 235v /7 mark] 
So, 14 000 =—13 000 + 235v [7 mark] 
so, v = (14 000 + 13 000) + 235 
= 114.8936... [1 mark] 
= 115 km/s (to 3 s.f.) [1 mark] 
Don't worry too much about the units in this question. The masses given 
are relative masses, with no units, so we couldn't use the standard units for 
momentum. As you're only looking for the velocity though, you can just 
do the calculation as normal, and make sure that the units on your final 
answer match the units for velocity given in the question. 


Topic 6 — Waves 
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Warm-Up Questions 


1) In a longitudinal wave, the vibrations are parallel 
to the direction of travel/energy transfer. 
2) wave speed = frequency = wavelength /v=fA 
3) E.g. Set up and turn on a ripple tank. Then, dim the lights 


and turn on the lamp so a wave pattern can be seen on the 
screen below the ripple rank. From the screen, measure the 
distance between the shadow lines that are a certain number 
of wavelengths apart, e.g. ten wavelengths. Divide the 
distance by this number of wavelengths to 
find the average wavelength. Use the equation 
wave speed = frequency x wavelength / v= fA 
to find the speed of the waves. 

4) true 

5) E.g. Put one of the blocks on a piece of paper and trace 
round it. Shine a ray of light from a ray box onto one side 
of the block, at an angle to the block. Trace the incident 
ray and mark where it emerges from the block. Remove 
the block and draw a straight line (using a ruler) to connect 
the incident ray and the emerging ray. Draw the normal to 
the point of incidence and measure the angles of incidence 
and refraction. Repeat for the second block, making sure 
the angle of incidence is the same as for the first block. 
Compare the angles of refraction for the two blocks. 


Exam Questions 


Tet transverse /7 mark] 

12 5cm /1 mark] 

3 2 m [1 mark] 

1.4 It will halve /7 mark]. 

v = fA, so if f doubles, then A must halve, so that v stays the same. 


233 


Piel specular /7 mark] 
Dep, mirror 


pencil 


_Sereen | 


student’s eye 


[1 mark for line representing reflected ray, 

1 mark for the angle of incidence and the angle 

of reflection being equal, 1 mark for labelling the 

angle of incidence and the angle of reflection] 
Sal 0.005 x 4 [7 mark] = 0.2 s [1 mark] 
3D period /7 mark] 
The period of a wave is the time taken for a full wave to pass a point. 
33 One period is 8 divisions long, 

so T= 0.005 x 8 [7 mark] 

= 0.04 s [1 mark] 
f= a = mae [1 mark] 
= 25 Hz /1 mark] 

4.1 The distance he measures is | wavelength /7 mark]. 

This can be used, together with the frequency 

of the signal, in the formula for wave speed, 

wave speed = frequency < wavelength / v= fA [1 mark]. 
4.2 wave speed = frequency x wavelength / v= fA 

So v=50 x 6.8 [1 mark] 

= 340 /1 mark] m/s [1 mark] 

Syl E.g. 


incident ray 


[1 mark for refracting the ray towards the normal upon 
entering the prism, I mark for refracting the ray away from 
the normal as it leaves the prism and I mark for correctly 
labelling all the angles of incidence and refraction] 

Sw E.g. Place the prism on a piece of paper and shine a ray 
of light at the prism. Trace the incident and emergent 
rays and the boundaries of the prism on the piece of paper 
[1 mark]. Remove the prism and draw in the refracted 
ray through the prism by joining the ends of the other two 
rays with a straight line /7 mark]. Draw in the normals 
using a protractor and ruler /7 mark] and use the protractor 
to measure / and R at both boundaries /7 mark]. 
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Warm-Up Questions 


1) gamma rays 
2) Alternating current is made up of oscillating 
charges, which produce oscillating electric and 
magnetic fields in the form of radio waves. 
3) The microwaves penetrate a few centimetres into the food 
before being absorbed by water molecules. The energy 
from the absorbed microwaves causes thé food to heat up. 
4) E.g. to carry data over long distances. 
5) It has enough energy to knock electrons off atoms — this 
can cause gene mutations, cell destruction and cancer. 


Answers 


234 
Exam Questions 


Ve Any one of: e.g. flourescent light bulbs / tanning lamps 

ie Any one of: e.g. sunburn / premature ageing of skin / 
blindness / increased risk of skin cancer /7 mark]. 

Hee A gamma ray emitter is injected into/swallowed by the patient 


[1 mark] and the gamma rays emitted are detected by an 
external detector /J mark]. By seeing where the gamma rays 
come from, they can track the progress of the tracer around 
the body and check it is functioning correctly [7 mark]. 


1.4 Gamma rays can pass out of the body 
without being absorbed /7 mark]. 
7EN| Radio waves can bend around / pass through objects so the 


signal can reach the inside of the house /7 mark]. Light waves 
would be blocked by the mountain / walls, and so would not 
be able to reach the receiver inside the house /7 mark]. 

Bip! Microwave radiation /I mark]. It passes through 
Earth’s watery atmosphere without being absorbed, 
so can reach the satellites /7 mark]. 

22 They are transmitted through the atmosphere into space, 
where they are picked up by a satellite receiver orbiting 
Earth /1 mark]. The satellite transmits the signal back 
to Earth in a different direction, where it is received 
by a satellite dish connected to the house /7 mark]. 
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Warm-Up Questions 

1) Concave/diverging and convex/converging. 

2) Concave lenses always create virtual images. 

Convex lenses can create real or virtual images. 

3) It most strongly reflects the wavelengths of 
light corresponding to the red part of the visible 
spectrum (all other wavelengths are absorbed). 

4) The wavelengths reflected from the object (those 
corresponding to the green part of the visible spectrum) 
are absorbed by the red filter. The lack of any visible light 
transmitted is perceived as black, so the object appears black. 


Exam Questions 


isl A concave lens causes parallel rays of light to 
diverge (spread out) rather than converge (come 
together) /1 mark]. This means that Ed’s lens cannot 
focus the sunlight to start a fire {7 mark]. 


Focal!point 
of lens 
e@ ; 


[1 mark for showing a ray going to a correctly positioned 

focal point, I mark for showing a ray going through the 

centre of the lens, 1 mark for showing both rays extended 

backwards (dotted) and image drawn where they cross] 
You sometimes need to draw another focal point on the opposite side of 
lens, the same distance away from the centre line of the lens. 
Nos) magnification = image height + object height 

=1.5+1 [1 mark] 

= 1.5 /1 mark — accept any answer between 1.4 and 1.6] 
With this question, it's easiest to use the grid squares as units and just 
count them. Alternatively, you could measure the lengths of the object and 
the image with a ruler. 


Answers 


2.1 Daylight consists of an even distribution of all the 
wavelengths /7 mark]. Light from a flat screen device 
consists of mostly wavelengths below 500 nm /J mark]. It 
emits far fewer wavelengths greater than 500 nm /Z mark]. 

2. E.g. use a colour (e.g. an orange) filter between the screen 
and the users eyes /I mark] to absorb the blue light /7 mark]. 
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Warm-Up Questions 


1) It emits more IR radiation than it absorbs. 

2) Leslie cube 

3) In a given place, more radiation is being 
emitted than is being absorbed. 

4) A perfect black body is an object that absorbs all of the 
radiation that hits it. No radiation is reflected or transmitted. 

5) longitudinal 

6) Partial reflection is when some of the wave 


travels into the new medium (and is possibly 
refracted), whilst some is reflected. 


7) E.g. earthquakes 

8) P waves 

9) They can’t pass through the liquid outer core. 
Exam Questions 

1.1 Any one from: e.g. place the thermometers at equal 


distances away from the cube / place the thermometers 

at the same height as each other / make sure no 

thermometers are in direct sunlight/a draught /7 mark]. 
lee C, A, B, D /1 mark] 
Thermometer C will heat up fastest, since it is the one closest to the face 
which is most like a perfect black body and so the best infrared emitter. 


13 The times recorded would be longer /7 mark]. Cooler 
objects emit infrared radiation at a lower rate /J mark]. 
1.4 E.g. the resolution of the digital thermometer is higher, so 


there will be less uncertainty in the results (the results 

will be more accurate) / the student is less likely to misread 
the temperature (human error is less likely) /7 mark 

for each correct reason, up to a maximum of 2]. 


Dal 20 kHz / 20 000 Hz /1 mark] 
DP 
[1 mark] 
2.3 It will be partially reflected / some of it will be reflected 
and some will be transmitted into media 2 /1 mark]. 
Sal A [1 mark]. They only travel through solids {7 mark], 
and so are stopped by the liquid outer core /7 mark]. 
yu When the waves are following curved paths, it shows that the 


density of the material they are moving through is changing 
gradually /7 mark], suggesting there are areas of the Earth’s 
inner structure made up of a similar material of a changing 
density {1 mark]. When the waves abruptly change direction, 
it shows that the density at that point changes suddenly by 
a larger amount /7 mark], suggesting they have entered a 
layer of a new material in the Earth’s structure /7 mark]. 

4.1 Bellatrix {1 mark]. It emits blue light which has 
a lower wavelength than red light /7 mark]. The 
peak wavelength of a hotter object is lower than the 
peak wavelength of a cooler object {7 mark]. 

4.2 People on Earth wouldn’t hear the explosion /7 mark] as 
sound can’t travel through the vacuum of space /J mark]. 


Topic 7 — Magnetism and Electromagnetism 
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Warm-Up Questions 


1) 


2) 


3) 


go 


Se 


It’s made up of concentric circles around the 
wire (with the wire at the centre). 


E.g. cranes use them to pick up iron and steel in scrap yards. 


Exam Questions 


jal 


E.g. Put the magnets on a piece of paper and place many 


compasses in different places between the magnets to show 


the magnetic field at those points /7 mark]. The compass 


needles will line up with the magnetic field lines /7 mark]. 


They could also use iron filings to show the pattern. 


IE? The field lines point straight across from the north pole 
towards the south pole /7 mark]. 

163 Attraction /1 mark], as opposite poles are facing each other 
and opposite poles attract [1 mark]. 

Po 
[1 mark for correct field shape, I mark for direction] 

2D, E.g. iron {7 mark] 

2.3 The paperclips will fall /7 mark], because an electromagnetic 
only has a magnetic field if a current is flowing /7 mark]. 
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Warm-Up Questions 

1) When a current-carrying wire in a 
magnetic field experiences a force. 

2) First finger — magnetic field © 
Second finger — current 
Thumb — force (motion) 

3) Swapping the polarity of the de supply 


(reversing the current), or swapping the 
magnetic poles over (reversing the field). 


Exam Questions 


steal 


12 
is} 
1.4 
21 


mw] 8 fs 
[1 mark] 


The direction of the force would be reversed too /1 mark]. 
The force would be lower /7 mark]. 
There would be no force on the wire /7 mark]. 


E.g. direction of rotation axis of rotation 


[1 mark for any indication that the 
current goes anticlockwise] 


235 


Pe) force = magnetic flux density < current x length of conductor 
inside field / F = Bil 
F=0.2 x 15 x 0.1 [1 mark] 
= 0.3 N /1 mark] 
23 By swapping the direction of the current/contacts 
every half turn (using a split-ring commutator) 
[1 mark] so the forces on the loop always act in 
a way that keeps the loop rotating /7 mark]. 
Page 172 
Warm-Up Questions 
1) Any two from: e.g. increase the speed of movement / rate of 
field lines cut / increase the strength of the magnetic field. 
2) Direct current. 
3) More turns on the secondary coil. 


Exam Questions 


iol 
eZ 


1e3} 


1.4 


Because electrical current is generated /7 mark]. 

Any one from: e.g. move the magnet out of the coil / move 
the coil away from the magnet / insert the south pole of the 
magnet into the same end of the coil / insert the north pole 
of the magnet into the other end of the coil /7 mark]. 

Any one from: e.g. push the magnet into the coil 

more quickly / use a stronger magnet /7 mark]. 

Zero / no reading /7 mark]. 


Movement is needed to generate a current. 


Pe 


22 


2.3 


2.4 


A potential difference will not be induced in the secondary 
coil when using the de supply /7 mark] because the 
magnetic field generated in the iron core is not changing 
[1 mark]. A pd is only induced if the secondary coil 
experiences a change in magnetic field /7 mark]. 
power = potential difference = current / P = VI 
= 12 x 2.5 [1 mark] 
= 30 W [1 mark] 
Assuming that the transformer is 100% efficient, the output 
power is 30 W /J mark]. 
power = potential difference x current / P= VI 
So, /=P +V [1 mark] 
= 30 +4 [1 mark] 
=7.5A [1 mark] 
Vio i =n, +N, 
Sevne= (il e= V,) ns [1 mark] 
n, = (4+ 12) x 15 [1 mark] 
= 5 turns /] mark] 
When the ac current flows through the coil of wire in the 
magnetic field of the permanent magnet, the coil of wire 
experiences a force /J mark]. The force causes the coil, 
and so the cone, to move /7 mark]. The alternating current 
is constantly changing direction and so the direction of the 
force on the coil is constantly changing and the cone vibrates 
back and forth /1 mark]. The vibrations cause pressure 
variations in the air that cause sound waves /I mark]. 


Topic 8 — Space Physics 
Page 178 


Warm-Up Questions : 


Clouds of dust and gas/a nebula. 
A red super giant. 

E.g" planets afd dwarf planets. 
gravity 

red-shift 

E.g. dark matter and dark energy. 


Answers 


236 


Exam Questions 2.1 


I 


Moons are natural satellites /7 mark]. They orbit 
planets /7 mark]. Artificial satellites /7 mark] are 
man-made, and most of them orbit the Earth /7 mark]. 
Stars form from clouds of dust and gas which are pulled 
together by gravitational attraction /J mark]. As the 
density increases, the temperature rises /J mark]. When 
the temperature gets high enough, nuclear fusion happens 


and a huge amount of energy is emitted /7 mark]. 2.2 
The forces acting on a main sequence star are balanced, so it 2.3 
doesn’t collapse or explode /7 mark]. The energy released 

by nuclear fusion provides an outward force to balance the a 


force of gravity pulling everything inwards /7 mark]. 
They become unstable and eject their outer layer of 
dust and gases /7 mark] which leaves a hot, dense, 
solid core known as a white dwarf /7 mark]. White 
dwarfs then cool to become black dwarfs [7 mark]. 3 
They start to glow brightly again, undergo more fusion, 

and expand and contract several times /7 mark]. 

Heavier elements are formed and the star eventually 

explodes in a supernova /7 mark]. The supernova 

leaves behind a neutron star or a black hole /7 mark]. 

How to grade your answer: 

Level 0: There is no relevant information. /No marks] 
Level 1: There is a brief description of red-shift and the 

Big Bang theory. The answer lacks coherency. 

[1 to 2 marks] 

There is a description of red-shift and the Big 
Bang theory, and some explanation of how 
red-shift provides evidence for the Big Bang 
theory. The answer has some structure. 

[3 to 4 marks] 

There is a description of red-shift and the Big 
Bang theory, and a clear and detailed explanation 
of how red-shift provides evidence of the 
expansion of the universe, and so evidence 

for the Big Bang theory. The answer is well 
structured. /5 to 6 marks] 

Here are some points your answer may include: 

Red-shift is when the wavelengths of observed light from a 
source are longer than that of the light emitted by the source. 
This occurs when the source of light is moving away from the 
observer. 

The light from most distant galaxies is observed to be 
red-shifted. 

The light from galaxies that are further away from us is 
red-shifted more than the light from nearer galaxies. 

This indicates that all of these galaxies are moving away from 
us and each other. 

This suggests that the universe is expanding. 

The Big Bang theory is the theory that the universe began as 

a small region of space that was very hot and dense, which 
exploded and has been expanding ever since. 

Therefore, the observations of red-shift support the idea of 

the origin of the universe suggested by the Big Bang theory. 


Level 2: 


Level 3: 


Practice Paper 1 


slr) 
1.4 
1.5 


liquid {7 mark] 

The internal energy of the substance increases /7 mark] as 
energy is transferred by heating to the (kinetic and potential) 
energy stores of the particles {7 mark]. 


melting {7 mark] 41 

density = mass + volume / p =m ~ V [1 mark] 42 

p = 0.36 = (4.0 x 10-4) {1 mark] en 43 
= 900 kg/m? /7 mark] : 


Answers 


Strength: Any one from: e.g. the hot water in the beaker 
cools by conduction and convection, as in a hot water tank 

/ the water can be raised to a similar temperature as in a hot 
water tank / both the tank and the model involve heat loss 
from water /7 mark]. 

Weakness: Any one from: e.g. the mass of water used 

is much less than in a hot water tank / the insulation of 

a hot water tank wouldn’t be cotton wool /J mark]. 

The thickness of the cotton wool jacket /7 mark]. 

E.g. starting temperature of the water / length of time 

water is left to cool / volume of water used /7 mark]. 
precise /J mark] 

The thicker the cotton wool jacket, the smaller the 
temperature change / the higher the final temperature 

of the water (and hence the less energy transferred 

from the water’s thermal energy store) /7 mark]. 

How to grade your answer: 

Level 0: There is no relevant information. /No marks] 
Level 1: There is a brief description of both models of the 
atom. The answer lacks coherency. 

[1 to 2 marks] 

There is a description of both models of the 
atom, and some description of the scientific 
discoveries that led to the development of the 
nuclear model. The answer has some structure. 
[3 to 4 marks] 

There is a clear and detailed description of 
both models of the atom, and of the scientific 
discoveries and experiments which led to the 
development of the nuclear model. The answer is 
well structured. /5 to 6 marks] 

Here are some points your answer may include: 

Model X is the plum pudding model of the atom. 

The plum pudding model describes the atom as a sphere of 
positive charge, with negatively charged electrons within it. 
Model Y is the nuclear model of the atom. 

The nuclear model of the atom describes the atom as 

a nucleus, made up of positively charged protons and 
uncharged neutrons, orbited by electrons. 

In the early 20" century (1909), Rutherford performed the 
alpha scattering experiment. 

They fired a beam of positively charged alpha particles at a 
thin gold foil. 

Based on the plum pudding model, they expected all the 
alpha particles to pass through the foil, with some deflection. 
However, they found that most alpha particles passed through 
the foil without deflecting, while a small few were deflected 
back towards the emitter. ’ 

This suggested that most of the atom is empty space, since 
so many of the alpha particles passed through without 
deflecting. 

It also suggested there was a small, positively charged 
‘nucleus’ in the centre of the atom, which caused the 
backwards deflection of the alpha particles. 

This formed the basis of the nuclear model of the atom. 
Later, Niels Bohr adapted the nuclear model, when he 
discovered electrons orbited the nucleus at specific distances 
called energy levels. ’ 

In 1932, James Chadwick discovered the neutron, an 
uncharged particle with the same mass as a proton. 

This led to the idea that the nucleus is made of protons and 
neutrons, explaining the imbalance between the atomic 
number and mass number of an atom. 

gas [1 mark] 

C [1 mark] 

The line is flat because a change of state is occurring 

[I mark] and all energy transferred to the substance is being 
used to break intermolecular bonds and change the state of 
the substance, and not increase its temperature /7 mark]. 


Level 2: 


Level 3: 
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5.1 


5.2 


53 


thermal energy for a change of state = mass x specific latent 
heat / E = mL 
So, L=E~+m [1 mark] 
L=69 000 + 1.5 [1 mark] 
= 46 000 J/kg /7 mark] 
Electrons have been transferred from the 
scientist’s hair to the comb /7 mark]. 
The hairs all have the same (positive) charge 
[1 mark]. Like charges repel, so the hairs repel 
each other and so stand on end /1 mark]. 
(+) 0.2 nC [1 mark] 


The hair will have an equal and opposite charge to the comb. 


5.4 
6.1 


6.2 


6.3 


TA 
TZ 


73 
7A 


Ts 


8.1 


8.2 
8.3 


8.4 


8.5 
8.6 


It will attract the hair /7 mark]. 
The specific heat capacity of a substance is 
the energy required to raise the temperature of 
1 kg of that substance by | °C /7 mark]. 
change in thermal energy = mass * specific heat capacity 
x temperature change / AE = mcA0 
So, c= AE + mA6 [1 mark] 
A@ = 93 —18 =75 [1 mark] 
c= 126 000 = (1 x 75) [1 mark] 

= 1680 J/kg°C /1 mark] 
Water has a higher specific heat capacity than oil /7 mark] 
so it transfers more energy to the surroundings compared 
to oil, for the same decrease in temperature /7 mark]. 
214 — 83 = 131 neutrons /7 mark] 


222 


DUO ea: 
83 Bi {1 mark] 
420 days [1 mark] 


Half-life when activity drops to half original total. 
Activity after 1 half-life = 80 + 2 = 40 Bq 
Using Figure 9, when activity = 40 Bq, time = 140 days. 
Therefore, half-life = 140 days /7 mark] 
Alpha radiation is strongly ionising /7 mark], and when 
it enters living cells it can easily kill them, or damage 
them and cause cancer /7 mark]. Alpha radiation is 
easily absorbed by thin barriers (e.g. skin) or the air, so is 
unlikely to reach the body’s delicate organs if the source 
is outside the body /7 mark]. However it is much more 
dangerous inside the body, where it is almost certain to 
be absorbed by living cells and cause damage /7 mark]. 
The current is higher in circuit A [7 mark]. 
The total resistance is higher in circuit B /7 mark]. 
power = potential difference x current / P = VI [1 mark] 
P=11 x 0.30 [1 mark] 

= 3.3 W [1 mark] 
As the intensity of light increases, the resistance 
of component C decreases /7 mark]. 
E.g. a car engine temperature sensor /J mark]. 

Current in amps 


Potential difference 
in volts 


[1 mark] 


oat 


22 
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9.6 


10.2 


10.3 


237 


Bio-fuels = 6 x 10? kWh /7 mark] 

Hydro-electric = 1 x 10° kWh /7 mark] 

[Allow 1 mark only if the answers are 6 kWh 

and 1 kWh and x 10° is omitted] 

Wind power /7 mark] 

Any one from: e.g. there are more hours of daylight 

in summer than in winter, so more electricity can 

be generated from solar power / there are generally 

more clear days during summer so more electricity 

can be generated from solar power /7 mark]. 

Advantage: Any one from: e.g. non-renewables are reliable / 
we can easily alter energy output to meet demand /7 mark]. 
Disadvantage: Any one from: e.g. non-renewables will 
eventually run out / burning some non-renewables, e.g. fossil 
fuels, produces pollutants / burning some non-renewables, 
e.g. fossil fuels can cause global warming // mark]. 

Any two from: e.g. they’re not as reliable as 
non-renewables / they can have large initial setup costs / 

a number of power stations that use renewable resources 
can only be built in certain locations / a lot of renewable 
resources cannot easily have their power output increased 
to meet demand /7 mark for each correct limitation]. 
Geothermal power requires a suitably volcanically 

active site to work, and there are few viable 

volcanic sites in the UK /7 mark]. 


Current in amps 


a 4 6 8 10 12 
Potential difference in volts 


[2 marks for all points plotted correctly, otherwise 
I mark for any 3 plotted correctly] 


Current in amps 
0.25 


0.20 


oe 
| Potential difference in volts 

[1 mark for curved line close to all 
points and through the origin] 
As an electrical charge flows through the lamp, 
energy is transferred to its thermal energy store 
[1 mark]. As the current increases, more energy is 
transferred electrically to the thermal energy store of 
the component, increasing the temperature /7 mark]. 
Resistance increases with temperature /7 mark], and so 
resistance increases with increasing current /7 mark]. 


Answers 
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10.4 


potential difference = current x resistance / V=/R 
So, /=V=+R [1 mark] 
= 15+ 60 /1 mark] 
= 0.25 A [1 mark] 

charge flow = current x time / O = /t 
QO=0.25 x 180 /1 mark] 

= 45 C [1 mark] 
Earth wire: yellow and green (stripes) /7 mark] 
Live wire: brown /7 mark] 
The earth wire stops exposed metal parts / the casing of the 
device from becoming live in the event of a fault {7 mark]. 
A live wire may still have a potential difference in it 
even when this circuit is broken / current is now flowing 
[1 mark]. If you touch the live wire, your body forms 
a link between the wire and the earth, and current flows 
through you, and can give you an electric shock /7 mark]. 
power = (current)? x resistance / P= PR 
P= 10.0? x 23.0 [J mark] 

= 2300 W [1 mark] 
energy transferred = power * time / E = Pt 
E = 2300 x 180 [7 mark] 

= 414 000 J /7 mark] 
How to grade your answer: 
Level 0: There is no relevant information. [No marks] 
Level 1: There is a brief description of devices used in the 
national grid. The answer lacks coherency. 
[1 to 2 marks] 
There is a description of devices used in the 
national grid, and some explanation of how they 
are used to efficiently transmit electricity. The 
answer has some structure. /3 to 4 marks] 
There is a clear and detailed description of how 
devices such as transformers are used in the 
national grid to transmit electricity efficiently. 
There is also some mention of how the electricity 
is made suitable for home use after transmission. 
The answer is well structured. /5 to 6 marks] 
Here are some points your answer may include: 
The national grid needs to transmit high power electricity 
from power stations to consumers. 
Because the power is high, and P = JV, the electricity must 
be transmitted with either high potential difference (V) or 
high current (/). 
When a current flows through a conductor, work is done 
against its resistance and energy is dissipated to the thermal 
energy store of the conductor. 
The higher the current, the more energy is transferred to 
thermal energy stores and wasted. 
Transformers are a device which can change the potential 
difference of electricity without changing the power. 
In the national grid, step-up transformers are used to increase 
the potential difference of the electricity before transmission. 
Because the power is constant, increasing the potential 
difference of the electricity decreases the current. 
So step-up transformers allow the electricity to be transmitted 
at very high potential difference and very low currents. 
As it is transmitted at a very low current, very little energy is 
dissipated to thermal energy stores. 
So transmission at low current is more efficient. 
The transmission potential difference is too large to be used 
by consumers. 
Before reaching the consumer, step-down transformers are 
used. 
Step-down transformers decrease the potential difference 
back to a usable level for consumer appliances. 


Level 2: 


Level 3: 


Answers 
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gravitational potential energy = mass x gravitational field 
strength (g) x height / E, =m gh [1 mark] 
E. = 600 = 9.8 x 20 [7 mark] 

= 117 600 J=120 kJ (to 2 s.f.) [7 mark] 
As the carriage drops, the energy is transferred from its 
gravitation potential energy store to its kinetic energy store, 
so the kinetic energy store graph slopes upwards as the g.p.e 
store graph slopes downwards /7 mark]. Due to conservation 
of energy, as there are no resistive forces, the sum of the 
energy in the gravitational potential and kinetic energy 
stores at any given point between A and B is constant (so 
the lines have the same, but opposite, gradient) /7 mark]. 
kinetic energy = 0.5 x mass x (speed)? / E, = mv? 
Conservation of energy: 
total energy before = total energy after 
No resistive forces, so by conservation of energy, all energy 
transferred from g.p.e. store goes to the kinetic energy store. 
So, E, = E, = 117 600 J [1 mark] 


2Ex — /2%x117600 
= [1 mark] = ai" lied [1 mark] 


= 19.79... =20 m/s (to 2 s.f.) [1 mark] 


So, v= 


Practice Paper 2 


il th 


DA 


Dae 
8) 


2.4 


ZS 


Sal 


322, 
33 


X-rays are less easily absorbed by tissues, but are absorbed 
more by denser materials like bones and metal /7 mark]. 
The detector detects the X-rays transmitted at each point and 
creates a picture showing areas of tissue and bone /J mark]. 
X-rays are ionising radiation which can kill living 
cells or cause mutations and cancer /7 mark]. 
Lead absorbs X-rays and prevents them 
reaching the radiographer /7 mark]. 
Any two from: e.g. X-rays can be used to treat cancers / 
X-ray photographs can be used to diagnose bone fractures / 
X-ray photographs can be used to diagnose dental problems 
(problems with your teeth) /7 mark for each correct answer]. 
E.g. frequency is the number of complete waves 
passing a certain point per second / the number of 
waves produced by a source each second /7 mark]. 
wave speed = frequency < wavelength / vy =f [1 mark] 
So, \=v +f [1 mark] 
A= 3.0 x 108 = 2.5 x 10!4 [1 mark] 

=1.2 x 10° m /J mark] 
Texture: Matt surfaces are better infrared emitters then shiny 
surfaces [7 mark]. 
Colour: Black surfaces are better infrared emitters than white 
surfaces /7 mark]. 
Any one from: e.g. to reduce the effect of random errors / 
to make the results more accurate /7 mark]. 
The outward pressure/expansion due to nuclear 
fusion /1 mark] balances the inwards force 
due to gravitational attraction /7 mark]. 
A white dwarf /7 mark]. 
35 km/s [7 mark] 


The smaller the orbit, the faster the orbital speed. 


3.4 


4.1 
4.2 


4.3 


The object will weigh less on Venus than on Earth 
[1 mark] as the gravitational field strength of Venus 
is lower than Earth’s (and weight is proportional 

to gravitational field strength) /7 mark]. 

27 s [1 mark] 

Graph is linear between 15 s and 27 s. 

27—15=12s [1 mark] 

ON [1 mark] 


When an object is travelling at a constant speed in a fixed direction, all the 
forces are balanced and so the resultant force will be zero. 
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Between 9 m and 10 m /7 mark]. 


The swimmer is travelling fastest when the gradient of the graph is steepest. 
Of the options given, the graph is steepest between 9 m and 10 m. 
You can draw a tangent to see this more clearly. 


4.5 
4.6 


4.7 


Distance in m 


4.8 


pall 
a7 


Be, 


distance = speed x time / s = vt [1 mark] 
v=s~+t/1 mark] 

= 20 + 25 [1 mark] 

= 0.8 m/s /1 mark] 


0 4 8 12 16 20 24 28 32 36 40 


Time in s 
[1 mark for straight line, 1 mark for correct start and end 
point] 


Yes, the camera will be able to film the swimmer for the 
whole length because its distance-time graph is always above 
the swimmer’s /7 mark], and so the camera is always ahead 
of the swimmer (or level at t= 0) [7 mark]. 

Random errors /7 mark] 

How to grade your answer: 

Level 0: ‘There is no relevant information. /No marks] 
Level'l: There is a brief description of an experiment 
using the equipment shown. The answer lacks 
coherency. // to 2 marks] 

There is a description of an experiment which 
can be performed with the equipment shown, 
and some description of how the results should 
be processed to calculate the spring constant. 
The answer has some structure. /3 to 4 marks] 
There is a clear and detailed description of an 
experiment which can be performed using the 
equipment show, and of how the to calculate the 
spring constant from the resulting force-extension 
graph. The answer is well structured. 

[5 to 6 marks] 

Here are some points your answer may include: 

Measure the mass of each of the masses using a mass 
balance. 

Calculate the weight of each of the masses using W = mg. 
Using the ruler, measure the length of the spring when it has 
no masses hanging from it (the unstretched length). 

Hang a mass from the spring, and record the force applied by 
the mass (the weight of the mass) and the new length of the 
spring. 

Calculate the extension of the spring by subtracting the 
unstretched length from the new length. 

Repeat these steps, increasing the mass hanging from 

the spring, recording the new weight and calculating the 
extension each time. 

After you have a suitable number of points, plot your results 
on a force-extension graph, with force on the y-axis, and 
tension on the x-axis. 

Draw a line of best fit on your results. 

Identify the linear part of your graph. 

Since F = ke, k= F ~ e, the gradient of the linear part of the 
graph is equal to the spring constant. 

Calculate the spring constant by calculating the gradient of 
the linear part of the graph. 

The limit of proportionality /7 mark]. 


Level 2: 


Level 3: 


5.4 


B39 


Below the limit of proportionality (where the graph is linear) 
the spring obeys F = ke. 

So, k = gradient = change in y + change in x 

change in y=7.0-0=7.0N 

change in x = 3.5 -0=3.5 cm=0.035 m 

k=7.0 + 0.035 = 200 N/m 

[3 marks, otherwise I mark for an attempt to 

calculate the gradient of the linear part of the 

graph and I mark for the correct units] 


You'd get the marks here for using any values for the change in y and x, as 
long as they're from the linear part of the graph. 


6.1 


6.2 


6.3 
6.4 


6.5 


il 
ee 
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The alternating current in the primary coil causes a 
changing magnetic field in the iron core and so in 
the secondary coil /7 mark]. The changing magnetic 
field induces an alternating potential difference in the 
secondary coil (the generator effect) /7 mark]. 

E.g. 


Potential difference across lamp in V 


Number of turns on secondary coil 


[1 mark for appropriate line of best fit] 

A step-up transformer /7 mark] 

is sy A hes ny +N, 

50,7, = (V, =V J n, [1 mark] 

n, = (400 000 = 25 000) x 5000 [1 mark] 
= 80 000 /7 mark] 

Vale Vode 

So, ” My ey - [1 mark] 

I, = (400 000 x 250) = 25 000 [1 mark] 
= 4000 A /1 mark] 

50° (Allow values between 48° and 52°) /7 mark] 


block of material 


[1 mark for straight line drawn from point of 

incidence, I mark for angle with the normal 

equal to the angle stated in 7.1] 

The speed of light is slower in the block than in air /7 mark]. 
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8.1 E.g. Reaction times vary from person to person 
[1 mark]. A sample needs to be large to be 
representative of the population /7 mark]. 
To get a single representative value, it's a good idea to take an average 
from a large number of results. 


8.2 Any one from: e.g. the condition of the tyres / 
the weather / the condition of the road surface 
/ the condition of the brakes /J mark]. 

8.3 vw —u*=2as 


So, a = (v2 — u*) + 2s [1 mark] 
= (0 — 302) + (2 x 100) /1 mark] 
=+4,5 m/s? 

So, deceleration = 4.5 m/s? /1 mark] 

Since the question asked for deceleration, you should ignore the minus sign 

when you quote your answer. 

8.4 The steering column collapsing slows the driver down 
more gradually. This increases the time over which the 
change of momentum happens //7 mark] which reduces 
the forces acting on the driver /7 mark] since force is 
equal to the rate of change of momentum // mark]. 

9.1 The motor effect [1 mark] 

The motor effect causes a current-carrying wire in a 

magnetic field to experience a force, so when current flows 

in the coil, the wire on each side feels a force {7 mark]. 

The force on one side of the coil acts upwards, and the 

force on the other side acts downwards, so the coil rotates, 

and turns the attached fan blades /7 mark]. 

The metal bar won’t feel any force /7 mark] because the 

current through it is parallel to the magnetic field /7 mark]. 

Sound waves hit the diaphragm that is attached to a 

coil of wire /1 mark]. This causes the coil of wire 

to move back and forward in the magnetic field 

[1 mark], which generates an alternating current in the 

coil {1 mark]. The generated current depends on the 

properties of the sound wave, so variations in sound 

are converted into variations in current /7 mark]. 

Convex lens {7 mark] 


a3 


9.4 


10.1 
10.2 


axis 


object 


image 


[3 marks for complete ray diagram, otherwise 1 mark 
for a ray from the object travelling parallel to the 
axis and refracting so that it travels through the axis 
and can be traced back to the image, and 1 mark for 
a ray passing through the centre of the lens without 
bending that can be traced back to the image.] 
focal length = 8 squares, 
2 squares = 10 mm 
so focal length = (8 x 10) +2 
= 40 mm // mark] 
object height = 6 squares = 30 mm 
image height = 12 squares = 60 mm 
magnification = image height + object height 
= 60 + 30 [1 mark] 
=2 [1 mark] 
You could also have used the heights in squares instead. As long as the 
image and object heights are in the same units, you'll get the same answer. 


10.3 


10.4 


Answers 


12.4 


moment = force x (perpendicular) distance 
from the pivot / M= Fd [1 mark] 
M= 100 x 0.2 [1 mark] 

= 20 /1 mark] Nm [1 mark] 
The moment will decrease /1 mark] because the 
perpendicular distance between the line of action of the force 
and the axis of rotation/pivot/point A will decrease /J mark]. 
weight = mass * gravitational field strength / W = mg [1 mark] 
W = 80.0 x 9.8 [1 mark] 

= 784 N /1 mark] 
How to grade your answer: 


Level 0: There is no relevant information. /No marks] 
Level 1: There is a brief description of the skydiver’s 
motion. The answer lacks coherency. 
[1 to 2 marks] 
Level 2: There is a description of the skydiver’s motion, 
with brief reference to the forces acting on him. 
The answer has some structure. /3 to 4 marks] 
Level 3: There is a clear and detailed description of the 


skydiver’s motion, including details of the forces acting 

on him. The answer is well structured. 

[5 to 6 marks] 
Here are some points your answer may include: 
At first, the gradient of the graph is steep, showing that the 
skydiver is accelerating quickly. 
This is because the force of gravity acting on the skydiver is 
much more than the air resistance slowing him down. 
The graph then starts to level off, showing that acceleration is 
decreasing. 
This is because the air resistance increases with speed, so the 
resultant force acting on the skydiver decreases. 
Eventually, the air resistance becomes equal to the 
accelerating force of weight. 
At this point, the skydiver travels at a constant (terminal) 
velocity. 
This is represented by the straight horizontal line 
on the graph. 
Area under the graph = ~16 squares 
(Allow between 15 and 17) {7 mark] 
Each square = 30 x 10 = 300 m 
Distance fallen = 16 x 300 /7 mark] 

= 4800 m 
[1 mark, allow between 4500 and 5100] 
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absorption 130, 148, 151 
of infrared 148 
of light 130, 145, 146 
acceleration 105, 111 
due to gravity 18, 109, 
11357147, 176 
measuring 113, 182 
on distance-time 
graphs 106 
on velocity-time 
graphs 107 
uniform 105 
accuracy 6 
activity (radioactivity) 
PA FS 
air bags 123 
air resistance 108, 109 
alpha radiation 75, 76 
alpha scattering 
experiment 72 
alternating currents (ac) 
Ba 16)" 169)-171 
alternators 169 
ammeters 42, 183 
amplitude 126 
angle of incidence 
130131 
angle of reflection 
130, 133 
angle of refraction 
PSO, 133 
anomalous results 7 
area under a graph 96, 107 
artificial satellites 175 
atmosphere 102, 151 
atmospheric pressure 
68, 102 
atomic models 
development of 72, 73 
nuclear 73 
plum pudding 72 
atomic number 74, 76 
atoms 72-76 
averages 8 


background radiation 81 
bar charts 9 

beta radiation 75, 76 
bias 2 

Big Bang theory 177 
bio-fuels 35 

black body radiation 150 
black dwarfs 174 

black holes 174 

boiling 65, 66 

brakes 116, 118 
braking distances 116, 118 
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cancer 83, 139, 140 
carbon neutral 35 
categoric data 9 
cavity wall insulation 26 
centre of mass 88 
chain reactions 84 
changes in momentum 123 
changes of state 65, 66 
charge 
electric 40, 54, 60 
ions 73 
of anucleus 72-74, 76 
relative charges of 
particles 73 
static 58, 59 
charged spheres 60 
circuit diagrams 40 
circuit symbols 40 
circuits 40, 42, 43, 46-50 
circular motion 176 
closed systems 17 
coal 31, 36 
colour filters 146 
colours 145, 146 
compasses 159, 160 
components (electrical) 
40, 43 
components (of a force) 91 
compression (of springs) 
93, 94 
compressions (in waves) 
127 pak 2 
concave lenses 142, 144 
conclusions 13 
condensing 65, 66 
conduction 24 
conservation of energy 23 
conservation of mass 65 


conservation of momentum 
iDiete2 
contact forces 87 
contamination 82 
continuous data 9 
control rods 84 
control variables 5 
convection 26 
convection currents 26 
converting units 12 
convex lenses 142-144 
correlations 10, 14 
cosmic rays 81 
count-rate 77 
crash mats 123 
crumple zones 123 
current 40-43, 48, 49 
alternating 
BA, WE, WOES, WA 
direct 52, 169 
in parallel 49 
in series 48 
I-V characteristics 43 
magnetism 160, 
163-165, 167-169 
measuring 183 
current-carrying wires 
NGCOD NGS. AOS 
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dangers of ionising radiation 
32, 63, 139, 140 

dark energy 177 

dark matter 177 

deceleration 105, 118 

on distance-time graphs 
106 
on velocity-time graphs 

107 

density 64, 100, 101 

dependent variables 5 

designing investigations 5-7 

diffuse reflection 130, 133 

diodes 41, 43 

direct currents (dc) 52, 169 

discrete data 9 

displacement (distance) 104 

displacement (waves) 126 

dissipated energy 23, 26 

distance 104 

distance-time graphs 106 

double-glazing 26 

drag 108, 109 

draught excluders 26 

dwarf planets 175 

dynamos 169 
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ear drums 152 
earth wires 52 
earthquakes 155 
Earth’s structure 155 
Earth’s temperature 151 
echo sounding 154 
efficiency 28 
elastic deformation 93, 96 
elastic objects 93 
elastic potential energy 
stores 19, 93, 96 
electric cars 37 
electric field strength 60 
electric fields 60 
electric heaters 28, 138 
electric motors 165 
electric shocks 52 
electricity 40-43, 45-50, 
52-56, 58-60 
generation 167-169 
supply and demand 55 
usage 36 
electromagnetic induction 
167-171 
electromagnetic spectrum 
136 
electromagnetic waves 136 
black body radiation 150 
dangers 140 
gamma rays 75, 76, 
139, 140 
infrared 138, 148 
microwaves 137 
uses 136-139 
OY 1397 140 
visible light 132, 139, 
143-146 
X-rays 139, 140 
electromagnetism 161 
electrons 58, 72, 73, 75 
electrostatic attraction 
oo, 60 
electrostatic repulsion 
29, 60 
elements 74, 76, 174 
emission (infrared) 


148, 149 
energy 17-21, 23-28, 
31-37 


conservation 23 
internal 65, 68 

stores 17, 19 

transfers 17, 18, 24-27 
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energy resources 31-37 
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In each paper you have to sit for your Physics GCSE, you'll be given an equations sheet listing some of the 
equations you might need to use. That means you don’t have to learn them (hurrah), but you still need 

to be able to pick out the correct equations to use and be really confident using them. The equations 
sheet won't give you any units for the equation quantities — so make sure you know them inside out. 


The equations you'll be given in the exam are all on this page. You can use this page as a reference 
when you're doing the exam questions in each topic, and the Practice Papers at the end of the book. 


elastic potential energy = ‘2 x spring constant x (extension)? E = ke’ 
change in _ specific heat _ temperature 
thermal energy — aes capacity change AE = mcA@ 
thermal energy for change of state = mass x specific latent heat E=mL 
pressure (of a gas) x volume (of a gas) = constant pV = constant 
pressure (duetoa ____ height . density ‘ gravitational field 
column of liquid) ~ (of column) (of liquid) strength (g) p=hpg 
(final velocity) — (initial velocity)” = 2 x acceleration x distance v? —u’ = 2as 
Fae change inmomentum p-mAv 
Cent time taken meat 
iy ae eel 
period = frequency 
magnification = image height 
object height 
force (on a current-carrying : 
: t 
conductor at right angles to = ee x current x length Sh= Bil 
ae flux density 
a magnetic field) 
potential difference across primary coil _ number of turns on primary coil Vp _ Mp 
potential difference across secondary coil number of turns on secondary coil Ve Ms 
potential . potential ; 
difference across x “" Haun difference across x eee Vii=wvl 
primary coil secondary coil oe 
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